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* Appendix A
Acronyms and Abbreviations

ADC - Analog to digital converter
AEC - Atomic Energy Commission
AFB - Air Force Base
AFLC - Air Force Logistics Command
AFR - Air Force Regulation
AFRAT - Air Force Radiation Assessment Team
ALARA - As Low As Reasonably Achievable
Am - Americium
Am-241 - Americium-241, an isotope of americium
ANSI - American National Standard Institute
BEE - Bioenvironmental Engineer
BKG - Background
BOMARC - BOeing Michigan Aeronautical Research Center
bgs - filow ground surTace
bls - Below land surface
C - Celsius
CE - Civil Engineer or Civil Engineering
CEEV - Civil Engineering Environmental Planning
CES - Civil Engineering Squadron
CFR - Code of Federal Regulations
Ci - Curie(s)
COE - U.S. Army Corps of Engineers
CDM - Camp, Dresser, McKee Federal Programs Corporation; contractors

for EPA
cm - Centimeter(s)
cpm - Counts per minute
DEQPPM - Defense Environmental Quality Program Policy Memorandum
DEP - Department of Environmental Protection
DoD - Department of Defense
DOE - Department of Energy
DOT - Department of Transportation
dpm - Disintegrations per minute
dpm/1OOcm2 - Disintegrations per minute per 100 square centimeters
DU - Depleted Uranium
DQOs - Data quality objectives
EOD - Explosive Ordnance Disposal
EPA - U.S. Environmental Protection Agency
fCi - Femtocurie(s), 10-15 curies
FEMA - Federal Emergency Management Agency
FIDLER - Field Instrument to Detect Low Energy Radiation
ft - Foot, Teet
g - Gram(s)
gal - Gallon(s)
GI - Gastrointestinal
GM - Geiger-Mueller
gpm - Gallons per minute
HE - High Explosive
HEPA - High Efficiency Particulate Airborne (filter)
HPG - Hyper-pure Germanium Detector
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HNO3  - Nitric acid
HNu - Photo-ionization detector for organic vapors, manufactured by

HNu
HSD - Human Systems Division
ICRP - International Commission on Radiological Protection
IRP - Installation Restoration Program
key - Kiloelectron volts
kg - Kilogram(s)
km - Kilometer(s)
L - Liter(s)
LC6 - Median lethal concentration
LD5, - Median lethal dose
m - Meter(s)
MCA - Multichannel Analyzer
MCL - Maximum Contaminant Level
mCi - Millicurie(s) (10-3 curies)
MDL - Method Detection Limit
meV - Mega electron volt(s)
mg - Milligram(s)
mg/g - Milligrams per gram
mg/L - Milligrams per liter
mgd - Million gallons per day
min - Minute(s)
ml - Milliliter
MPC - Maximum Permissible Concentration
mR - Milliroentgens
mrad - Millirads -

mR/hr - Milliroentgens per hour
MSL - Mean Sea Level
MPBB - Maximum Permissible Body Burden
MPC - Maximum Permissible Concentration
n - Neutron(s)
NAS - National Academy of Sciences
nCi - Nanocuries (10 curie), one billionth of a curie
NCRP - National Council on Radiation Protection and Measurement
NIM - Nuclear Instrumentation Module
NIST - National Institute of Standards and Technology
NJDEP - New Jersey Department of Environmental Protection
Np - Neptunium
NRC - Nuclear Regulatory Commission
OEHL - USAF Occupational and Environmental Health Laboratory
ORNL - Oak Ridge National Laboratory
OVA - Organic Vapor Analyzer
PAC-4G - Alpha radiation detection instrument, "G" designates gas

proportion type
PAC-4S - Alpha radiation detection instrument, "S" designates

scintillation type
PARCC - Precision, Accuracy, Representativeness, Completeness, and

Comparability
pCi - Picocurie, one trillionth of a curie (10-12 curie)
pCi/gm - Picocuries per gram
pCi/L - Picocuries per liter
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PF - Protection Factor
pH - A symbol for the degree of acidity/alkalinity of a solution
PNL - Pacific Northwest Laboratory; operated for DOE by Battelle

Memorial Institute
ppb - Parts per billion (= micrograms per liter)
ppm - Parts per million (= milligrams per liter)
psi - Pounds per square inch, a measure of pressure
Pu - Plutonium
Pu-239 - Plutonium-239, an isotope of plutonium
PVC - Polyvinyl chloride, a type of plastic material
QA - Quality Assurance
QAPP - Quality Assurance Project Plan
QC - Quality Control
R - Roentgens
R/hr - Roentgens per hour
RADCON - U.S. Army Radiological Control
RCA - Radiological Control Area
RCL - Radiological Control Line
rem - Roentgen equivalent man
RI/FS - Remedial Investigation/Feasibility Study
RMCL - Recommended Maximum Contaminant Level
RWSF - Retrievable waste storage facility
SCA - Single Channel Analyzer
SCBA - Self-Contained Breathing Apparatus
sec - second(s)
SOP - Standard Operating Procedure
SOW - Statement of Work-
SSL - Soil Screening Level
TDS - Total Dissolved Solids
Th-232 - Thorium-232
TLD - Thermoluminescence Dosimeter
U - Uranium
U-238 - Uranium-238, the primary isotope of uranium (can also refer to

Staballoy or Depleted Uranium)
pCi - Microcuries (10.a curie), one millionth of a curie
pCi/m 2  - Microcuries per square meter
#g - Micrograms (V10"), one millionth of a gram
p - Microns (10" meter)
pg/l - Micrograms per liter
pm - Micrometer (one millionth of a meter)
pmhos/cm - Micromhos per centimeter, measure of specific conductance in

a solution
USAFOEHL - United States Air Force Occupational and Environmental Health

Laboratories
VOA - Volatile Organic Analysis
WGP - Weapons Grade Plutonium
WIPP - Waste Isolation Pilot Plant
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Definitions

Absorbed Dose - The energy imparted to matter by ionizing radiation per unit
mass of irradiated material at the place of interest. The
unit of absorbed dose is the rad. One rad equals 100 ergs
per gram.

Absorbed A term used in internal dosimetry. It is that fraction of
Fraction the photon energy (emitted within a specified volume of

material) which is absorbed by the volume. The absorbed
fraction depends on the source distribution, the photon
energy, and the size, shape, and composition of the volume.

Absorption The process by which radiation imparts some or all of its
energy to any material through which it passes.

Absorption - Fractional decrease in the intensity of a beam of x- or
Coefficient gamma radiation per unit thickness (linear absorption

coefficient), per unit mass (mass absorption coefficient),
or per atom (atomic absorption coefficient) of absorber,
due to deposition of energy in the absorber. The total
absorption coefficient is the sum of individual energy
absorption process (Compton effect, photoelectric effect,
and pair production).

Absorption - Ratio of concentration of a nuclide in a given organ or
Ratio differential-tissue to the concentration that would be

obtained if the same administered quantity of this nuclide
were uniformly distributed throughout the body.

Actinides - Radioactive elements with atomic numbers larger than 88.

Activation - The process of making a material radioactive by bombardment
with neutrons, protons, or other nuclear particles.

Activation - The process of inducing radioactivity by irradiation.

Activity - A measure of the rate at which radioactive material is
emitting radiation; usually given in terms of the number
of nuclear disintegrations occurring in a given quantity
of material over a unit of time. The special unit of
activity is the curie (Ci).

Acute Exposure - Radiation exposure of short duration.

Absorption - The adhesion of one substance to the surface of another.

Aging - Usually refers to time to permit decay of short-lived
radionuclides.

A-horizon - Soil zone of maximum organic accumulation.
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* ALARA As Low As Reasonably Achievable; ALARA refers to limiting
release and exposure and is used by the NRC (10 CFR 50.34)
in the context of "...as low as reasonably achievable taking
into account the state of technology, and the economics of
improvements in relation to benefits to the public health
and safety and other societal and socioeconomic considera-
tions ... "

Alluvium - General term for clay, silt, sand, gravel, or other similar
detrital material deposited by a body of running water.

Alpha - A positively charged particle emitted by certain radioactive
Particles material. It is made up of two protons; hence, it is iden-

tical with the nucleus of a helium atom. It has a large
mass, high charge (+2), short range (2-4 cm in air), and
monoenergetic, discrete energies; alpha particles can be
stopped by a sheet of paper, or the outer (dead) layers of
human skin.

Alpha - Type of ionizing radioactivity consisting of emitted alpha
Radiation particles.

Alveoli - The terminal air sacs of the lungs.

Americium-241 - Americium is a silvery, radioactive, somewhat malleable
(Am) metal that melts at 987-1,001*C. Its density is 13.67

g/cm at 4VC. Americium generally is found in the +3
valence state. It is easily disseminated over a wide area,
and is difficult to remove from surfaces or the body once
it has entered (Sax, 1984). It has a half life of 458
years. Beta decay of PU-241 yields Am-241. Americium-241
emits an alpha particle (5.49 MeV) and gamma rays during
decay.

Amplification - As related to radiation detection instruments, the process
(gas, electronic, or both) by which ionization effects are
magnified to a degree suitable for their measurement.

Amplifier, - A pulse amplifier in which the output pulse height is pro-
Linear portional to an input pulse height for a given pulse shape

up to a point at which the amplifier overloads.

Amplifier, - An amplifier, designed specifically to amplify the inter-
Pulse mittent signals of a nuclear detector, incorporating approp-

riate pulse-shaping characteristics.

Analyzer, - An electronic circuit which sorts and records the pulses

PulseHeight according to height.

Anion - An ion that is negatively charged.
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Aquiclude A hydrogeologic unit which acts as a barrier to groundwater
flow.

Aquifer - Geologic formation or water-bearing layer of permeable rock
or soil that is capable of yielding usable quantities of
water to a well or spring.

Aquitard - Geological formation or unit of low permeability which is
stratigraphically adjacent to one or more aquifers and
through which water movement is markedly retarded or
impeded.

Area - Routine monitoring of the radiation level or contamination
Monitoring of a particular area, building, room, or equipment. Some

laboratories or operations distinguish between routine
monitoring and survey activities.

Argillaceous - Containing or pertaining to clay.

Artisan - When pertaining to an aquifer, it is one that is confined
so that its hydraulic head rises above the top of the
aquifer unit; thus an artisan water body is one that is
confined under hydraulic pressure.

Artificial - Manmade radioactivity produced by particle bombardment with
Radioactivity neutrons or other particles. The resulting activity is

"natural rad4oactivity" if formed by nuclear reactions
occurring in nature, and "artificial radioactivity" if the
reactions are caused by man.

Atom - The smallest particle into which an element can be divided
and still retain its chemical properties. Each of the more
than 100 elements has a different number of electrons,
protons, and neutrons.

Atomic - The linear absorption coefficient of a nuclide divided by
Absorption the number of atoms per unit volume of the nuclide. It is
Coefficient equivalent to the nuclide's total cross section for the

given radiation.

Atomic Mass - The mass of a neutral atom of a nuclide, usually expressed
in terms of "atomic mass units." The "atomic mass unit"
is one-twelfth the mass of one neutral atom of carbon-12;
equivalent to 1.6604 X10-12 gm.

Atomic Number - The number of protons in the nucleus of a neutral atom of
a nuclide.

Atomic Weight - The mass of an atom relative to other atoms.

A
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* Attenuation - The process by which a beam of radiation is reduced in
intensity when passing through some material. It is the
combination of absorption and scattering processes and leads
to a decrease in flux density of the beam when projected
through matter.

Attenuation - A measure of the opacity of a layer of material for radia-
Factor tion traversing it; the ratio of the incident intensity to

the transmitted intensity.

Avalanche - The multiplicative process in which a single charged
particle accelerated by a strong electric field produces
additional charged particles through collision with neutral
gas molecules. This cumulative increase of ions is also
known as *Townsend ionization" or "Townsend avalanche."

Background Radiation a, ising from radioactive material other than the
Radiation one directly under consideration. Background radiation

results from cosmic rays and from the naturally radioactive
elements of the earth, including those from within the human
body. There may also be background radiation due to the
presence of radioactive substances in other parts of the
building, in the building material itself, and so forth.

Backscattering - The deflection of radiation by scattering processes through
angles greater than 90 degrees, with respect to the original
direction of motion.

Barriers, Barriers of radiation-absorbing material, such as lead, con-
Protective crete, and plaster, used to reduce radiation exposure.

Basement Rock A complex of undifferentiated rocks that underlies the
oldest identifiable rocks in the area.

Beam A unidirectional or approximately unidirectional flow of
electromagnetic radiation or of particles.

Bedrock A solid rock formation usually underlying one or more other
loose formations.

Bentonite - Expandable clay, a grouting material.

Beta Particles - Negatively charged electron given off during decay of some
radioactive elements. Particles have a low mass, negative
charge (-I), variable range (<2 cm in a solid, <500 cm in
air), and a wide range of energies. A more-penetrating form
of radiation than an alpha particle; can be stopped by thin
metal.

Beta Radiaton - Type of ionizing radiation consisting of beta particles.

* Binary Scaler - A scaler whose scaling factor is two per stage.
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Biological Time required for half of a radioisotope to be eliminated
Half-life from the body.

Biosphere - The part of the earth in which life can exist, including
the lithosphere, hydrosphere, and atmosphere; living beings
together with their environment.

Biota - The animal and plant life of a region.

Branching - The occurrence of two or more modes by which a radionuclide
can undergo radioactive decay. For example, RaC can undergo
a or B8, B1, or electron capture decay. An individual atom
of a nuclide exhibiting branching disintegrates by one mode
only. The fraction disintegrating by a particular mode is
the "branching fraction" for that mode. The "branching
ratio" is the ratio of two specified branching fractions
(also called multiple disintegration).

Calibration - Determination of variation from standard, or accuracy, of
a measuring instrument to ascertain necessary correction
factors.

Capture, - The process by which a nucleus captures an incident particle
Radiative and loses its excitation energy immediately by the emission

of gamma radiation.

Carcinogenic - Capable of producing cancer.

Cation - An ion that is positively charged.

Chamber, - A small, pocket-sized ionization chamber used for monitoring
Pocket radiation exposure of personnel. Before use, it is given

a charge. Exposure to ionizing radiation causes discharge,
so the amount of discharge is a measure of the radiation
exposure.

Characteristic - Radiation originating from an atom after removal of an elec-
Radiation tron or from excitation of the nucleus. The wavelength of

the emitted radiation is specific, depending only on the
nuclide and particular energy levels involved.

Chronic - Radiation exposure of long duration.
Exposure

Collimator - A devise for confining the elements of a beam within an
assigned solid angle.

Compound - A distinct substance formed by a union of two or more
ingredients in definite proporti,-ns by weight.
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* Compton An attenuation process observed for x- or gamma radiation
Effect in which an incident photon interacts with an orbital

electron of an atom to produce a recoil electron and a
scattered photon of energy less than the incident photon.

Compton - That fractional decrease in the energy of a beam of x- or
Absorption gamma radiation due to the deposition of the energy to elec-
Coefficient trons produced by Compton effect in an absorber.

Concentration - The average concentration of a radionuclide in air or water
Guide to which a worker or member of the general public may be

continuously exposed without exceeding radiation dose stan-
dards.

Condenser - An instrument consisting of an "air-wall" ionization chamber
R-Meter together with auxiliary equipment for charging and measuring

its voltage. It is used as an integrating instrument for
measuring the exposure of x- or gamma radiation in roentgens
(R).

Consolidated - In geology, natural materials that have been made firm,
(Material) cohesive, and hard.

Contact- - Waste package having surface dose rate less than 0.2 R/hr.
Handled Waste Such packages can be handled by workers without extensive

shielding. Contact-handled wastes were termed low-level
wastes in DOE./ET-0028 and DOE/ET-0029.

Containment - Confining the radioactive wastes within presented boun-
daries, e.g., within a waste package.

Contamination, - Deposition of radioactive material in any place where it
Radioactive is not desired, particularly where its presence may be

harmful. The harm may be in vitiating an experiment or a
procedure, or in actually being a source of danger to
personnel.

Controlled - A defined area in which the occupational exposure of
Area personnel (to radiation) is under the supervision of the

Radiation Protection Supervisor.

Cosmic Rays - High-energy particulate and electromagnetic radiations which
originate outside the earth's atmosphere.

Count - The external indication of a device designed to enumerate
(Radiation ionizing events. It may refer to a single detected event
Measurements) or to the total number registered in a given period of time.

The term often is erroneously used to designate a
disintegration, ionizing event, or voltage pulse.

S
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Counter, Gas A device in which an appropriate atmosphere is maintained
Flow in the counter tube by allowing a suitable gas to flow

slowly through the sensitive volume.

Counter, - Highly sensitive, gas-filled radiation-measuring device,
Geiger which operates at voltages sufficiently high to produce
Mueller avalanche ionization.

Counter, Gas-filled radiation detection device; the pulse produced
Proportional is proportional to the number of ions formed in the gas by

the primary ionizing particle.

Counter, - The combination of phosphor, photomultiplier tube, and
Scintillation associated circuits for counting light emissions produced

in the phosphors by an ionizing event.

Counting, - A technique in which particular types of events are distin-
Coincidence guished from background events by coincidence circuits which

register coincidences caused by the type of events under
consideration.

Counting - An instrument which gives a continuous indication of the
Ratemeter average rate of ionizing events.

Critical - Capable of sustaining (at a constant level) a chain
reaction. "Prompt critical" means sustaining a chain
reaction without the aid of delayed neutrons.

Critical Mass - The minimum mass of fissile material which can be made
critical with a specified geometrical arrangement and
material composition.

Cumulative - The total dose resulting from repeated exposures to
Dose Radiation radiation.

Curie (Ci) - Unit of measure of radioactivity; the radiation from one
gram of radium during one second; or the equivalent amount
of other material that produces 3.7 x 1016 disintegrations
per second.

Daughter - In a decay chain, the element formed when its "parent"
decays.

Daughter - A nuclide formed upon disintegration of a parent radionuc-

Nuclide lide.

Decade Scaler - A scaler whose scaling factor is a power of ten.

Decay Chain - The series of elements that form sequentially as radioactive
decay progresses.

I
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Decay Constant - The f racti on of the number of atoms of a radi oacti ve nucl i de
which decays in unit time.

Decay Curve - A curve showing the relative amount of radioactive substance
remaining after any time interval.

Decay Product - A nuclide resulting from the radioactive disintegration of
a radionuclide, formed either directly or as the result of
successive transformations in a radioactive series. A decay
product may be either radioactive or stable.

Decay, - Disintegration of the nucleus of an unstable nuclide by
Radioactive spontaneous emission of charged particles and/or photons.

Decontamina- - The selective removal of radioactive material or other
tion contaminant from a surface or from within another material.

Decontamination- The ratio of the amount of undesired radioactive material
Factor (DF) initially present to the amount remaining after a suitable

processing step has been completed. Decontamination factors
may refer to the reduction of some particular type of
radiation, or to the gross measurable radioactivity.

Depth Dose - The radiation dose delivered at a particular depth beneath
the surface of the body; usually expressed as percentage
of surface dose.

Detector, - Any device for converting radiant energy to a form more
Radiation suitable for observation. An instrument used to determine

the presence, and sometimes the amount, of radiation.

Devitrifica- - The process by which glassy substances lose their vitreous
tion nature and become crystalline.

Discharge - In groundwater hydrology, water that issues naturally or
is withdrawn from an aquifer.

Discriminator, - A circuit designed to select and pass voltage pulses of a
Pulse Height certain specified amplitude.

Disintegration - The fraction of the number of atoms of a radioactive nuclide
Constant which decays in unit time.

Disintegration - A spontaneous nuclear transformation (radioactivity) char-
Nuclear acterized by the emission of energy and/or mass from the

nucleus. When numbers of nuclei are involved, the process
is characterized by a definite half-life.

Disposal - The planned confinement of radioactive waste in a manner
(radioactive which is considered permanent so that recovery is not pro-
waste) vided.

10
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Dolomite A common rock-forming material (calcium-magnesium carbon-
ate).

Dose A general form denoting the quantity of radiation or energy
absorbed. For special purposes it must be appropriately
qualified. If unqualified, it refers to absorbed dose.

Dose Equivalent- A quantity used in radiation protection. It expresses all
radiation on a common scale for calculating the effective
absorbed dose. It is defined as the product of the absorbed
dose in rads and certain modifying factors. (The unit of
dose equivalent is the rem).

Dose Rate - Absorbed dose delivered per unit time.

Dose Ratemeter - Any instrument which measures radiation dose rate.

Dosimeter - Instrument to detect and measure accumulated radiation
exposure. In common usage, a pencil-size ionization chamber
with a self-reading electrometer, used for personnel
monitoring.

Dry Storage - Storage of waste packages without liquid cooling.

Efficiency - A measure of the probability that a count will be recorded
(Counters) when radiation is incident on a detector. Usage varies

considerably,- so it is well to ascertain which factors
(window transmission, sensitive volume, energy dependence,
etc.) are included in a given case.

Electron - Negatively charged particle that orbits an atom's nucleus.

Electron Volt - A unit of energy equivalent to the energy gained by an elec-
(eV) tron in passing through a potential difference of one volt.

Larger multiple units of the electron volt are frequently
used: keV for thousand or kilo electron volts; MeV for
million or mega electron volts. 1 eV = 1.6 x 10-19 watt-
seconds.

Element - A category of atoms all with the same atomic number, e.g.,
plutonium or gold.

Energy - Capacity for doing work. "Potential energy" is the energy
inherent in a mass because of its spatial relation to other
masses. "Kinetic energy" is the energy possessed by a mass
because of its motion.

Enrichment - A process to increase the percentage of a desired isotope
such as uranium-235.

Eolian - Applied to the erosive action of the wind and to deposits
which are due to the transporting action of the wind.
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Equilibrium, In a radioactive series, the state which prevails when the
Radioactive ratios between the amounts of successive members of the

series remains constant.

Evapotrans- - That portion of precipitation returned to the air through
piration direct evaporation, or by transpiration from vegetation,

or both.

Exposure - A measure of the ionization produced in air by x- or gamma
radiation. It is the sum of the electrical charges on all
ions of one sign produced in air when all electrons
liberated by photons in a volume element of air are
completely stopped in air, divided by the mass of the air
in the volume element. The special unit of exposure is the
roentgen.

External - Radiation from a source outside the body; the radiation must
Radiation penetrate the skin.

Exit Dose - Dose of radiation at the surface of a body opposite to that
on which the beam is incident.

Fallout - Radioactive debris from a nuclear detonation, which is
airborne or has been deposited on the earth. Special forms
of fallout are "Dry Fallout," "Rainout," and "Snowout."

Fault - A fracture ow fracture zone along which there has been
displacement of the sides relative to one another, parallel
to the fracture.

Feldspar - Any of a group of common rock-forming minerals that are
silicates of alumina and some other basic element, such as
potassium, sodium, or calcium.

Fertile - A material that becomes fissile upon absorbing a neutron.

Fissile - Of a nuclide, capable of undergoing fission by interaction
with slow neutrons.

Fission,- - A nuclear transformation characterized by the splitting of
Nuclear a nucleus into at least two other nuclei and the release

of a relatively large amount of energy; usually limited
to heavier nuclei such as isotopes of uranium, plutonium,
and thorium.

Fission - Any radioactive or stable nuclide produced by fission,
Product including both primary fission fragments and their

radioactive decay products.

Fissionable - Actinides capable of undergoing fission by interaction with
* Material neutrons of all energies.
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Fracture Breaks in rocks caused by intense folding or faulting or
the process of breaking fluid-bearing strata by injecting
a fluid under such pressure as to cause partings in the
rock.

Free-Air An ionization chamber in which a delimited beam of radiation
Ionization passes between the electrodes without striking them or other

internal parts of the equipment. The electric field is
maintained perpendicular to the electrodes in the collect-
ing region. As a result, the ionized volume can be accur-
ately determined from the dimensions of the collecting
electrode and the limiting diaphragm. This is the basic
standard instrument for x-ray dosimetry within the range
of 5 to 1,400 kVp.

Fuel Cycle - Mining, refining, enrichment, and fabrication of fuel
elements, use in a reactor, chemical processing to recover
the fissionable material remaining in the spent fuel, re-
enrichment of the fuel material, refabrication of new fuel
elements, and management of radioactive waste.

Gamma Radiation - One form of electromagnetic energy (electromagnetic energy
includes radio waves, infrared rays, visible light, ultra-
violet rays, x-rays, gamma rays, cosmic rays) with no
charge, no mass, long range (penetrates 4-10 cm of lead,
10-50 cm of soil), and several discrete energy levels.
Gamma radiation, whose effects are similar to x-rays, is
far more easily detected than alpha or beta radiation.

Gamma Ray High-energy, short-wavelength electromagnetic radiation
similar in nature to x-rays, emitted from the nucleus of
an atom during decay of some radioactive elements. The most
penetrating form of radiation; can be stopped by thick
metal.

Gamma-ray - Type of radiation analysis where the gamma energy is separ-
Spectroscopy ated into discrete energy levels (spectrum) and then mea-

sured.

Gas - As applied to gas ionization radiation detecting instru-
Amplification ments, the ratio of the charge collected to the charge

produced by the initial ionizing event.

Geologic - Related to the study of the earth, its formation, and
the changes it has undergone or is undergoing.

Geologic - Entombment of radioactive wastes deep underground in stable
Isolation rock layers.

Geometry, Good - In nuclear physics measurements, an arrangement of source
and detecting equipment such that the use of finite sourcep size and finite detector aperture introduces little error.
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Geometry, Poor - In nuclear physics measurements, an arrangement in which
the angular aperture between the source and detector is
large, introducing into the measurement a comparative large
uncertainty for which a correction may be necessary.

Geomorphology - Study of the form of the earth, the general configuration
of its surface, and the changes that take place in the
evolution of landforms.

Germanium - An instrument which uses a germanium metal core to detect
Detector gamma radiation.

Gross Alpha - A measure of total alpha radiation activity.

Gross Beta - A measure of total beta radiation activity.

Groundwater - Water that exists or flows within the zone of saturation
beneath the land surface.

Grout - A mortar fluid combined with liquid waste to provide a
matrix for isolation of the waste and to seal the waste from
the environment.

Half-life - 1) Physical--the time required for a quantity of a radio-
active substance to decay to one half of its original
quantity. 2) Biological--time required for half of an
ingested or inhaled substance to be eliminated from the body
by natural processes. 3) Effective--time required for half
of an ingested or inhaled radioactive substance to be
eliminated from the body by the combination of radioactive
decay and natural processes; mathematically equal to product
of the physical and biological half-lives divided by the
sum of the physical and biological half-lives.

Half-life, - Time required for a radioactive substance to lose 50 percent
Radioactive of its activity by decay. Each radionuclide has a unique

half-life.

Health Physics - A science and profession devoted to the protection of man
and his environment from unnecessary radiation exposure.

HEPA - High Efficiency Particulate Airborne (filter). A high
efficiency filter used to screen particulates from the air.
Such filters are used on the personal respirators as pro-
tection against dust, fumes, mists, asbestos-containing
dusts and mists, and radionuclides. Filters with the same
composition are used on vacuum systems and building
ventilation systems.

HNu - An instrument which detects organic and inorganic vapors
Photoionizer and gases from liquids, landfills, soil samples, sedimentp samples, and potentially contaminated equipment.
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l Holocene Age - The period of time since the last ice age.

Hydrogeology - Relating to the science of groundwater and its geologi-
cal relationship.

Hydraulic - The change in static head per unit of lateral distance in
Gradient a given direction.

Hydrologic - Pertaining to the study of the properties, distribution,
and circulation of water on the surface of the land, in the
soil, and underlying rocks, and in the atmosphere.

Immobilization - Treatment and/or emplacement of wastes so as to impede their
movement.

Induced - See "Artificial Radiation".

Radioactivity

In-situ - In place.

Integral Dose - A measure of the total energy absorbed by a patient or ob-
(Volume Dose) ject during exposure to radiation.

Interbeds - Thin beds of rock material alternating with thicker beds
of rock.

Interfinger - To grade or pass from one rock material into another through
a series of interlocking or overlapping wedge-shaped layers.

Interim - Storage operations for which: a) monitoring and human
Storage control are provided and b) subsequent action involving

treatment, transportation, or final disposition is expected.

Internal - Radiation from a source within the body (as a result of de-
Radiation position of radionuclides in body tissues).

Ion - Atomic particle, atom, or chemical radical bearing an
electrical charge, either negative or positive.

Ionization - The process by which a neutral atom or molecule acquires
a positive or negative charge.

Ionizing - The average energy lost by ionizing radiation in producing
Energy an ion pair in a gas. For air, it is about 33.73 eV.

Ionizing Event - Any occurrence or process in which an ion or group of ions
is produced.

Ionizing - Any electromagnetic or particulate radiation (alpha, beta,
Radiation gamma) capable of producing ions, directly or indirectly,

in its passage through matter.
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Irradiation Exposure to radiation.

Isolation - Segregating wastes from the accessible environment
(biosphere) to the extent required to meet applicable
radiological performance objectives.

Isotopes - Nuclides having the same number of protons in their nuclei,
and hence the same atomic number, but differing in the
number of neutrons, and therefore in the mass number.
Almost identical chemical properties exist between isotopes
of a particular element. The term should be used as a
synonym for nuclide.

Kiloelectron - Kiloelectron volts; energy equal to one thousand electron
Volt (KeV) volts, 103 eV.

Leakage - All radiation coming from the source housing except the
(Direct) useful beam.
Radiation

Leachate - Fluid resulting from the separation or dissolving of sol-
uble or particular constituents from solid waste or other
man-placed media by the percolation of water through it.

Limonite - A field term for a group of brown, amorphous, naturally
occurring, hydrous ferric oxides. May consist of the
minerals goetbite, hematite, and lepidocrocite.

Linear - A factor expressing the fraction of a beam of x- or gamma
Absorption radiation absorbed, in unit thickness of material.
Coefficient

Lithification - The conversion of unconsolidated sediment into solid rock
by processes such as compaction, cementation, and
crystallization.

Lithology - The study of rocks. Also, the character of a rock: its
structure, color, mineral composition, grain size, and
arrangement of its component parts.

Low Level - Low-radioactivity waste such as contaminated clothing.
Waste

Magnetometer - Geophysical instrument that measures fluctuations in the
earth's magnetic field.

Mass - The quantity of matter in a body as measured in its relation
to inertia. The material equivalent of energy. Different
from weight in that it neither increases nor decreases with
gravitational force.
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Mass The linear absorption coefficient per cm divided by the
Absorption density of the absorber in grams per cubic cm. It is
Coefficient frequently expressed as lip, where # is the linear

absorption coefficient and p, the absorber density.

(MPD) Maximum - The greatest dose equivalent that a person or specified part
Permissible thereof shall be allowed to receive in a given period of
Dose Equivalent time.

Maximum- - A person whose location and habits tend to maximize his
Exposed radiation dose relative to other workers in the same area.
Individual

Median Lethal - Dose of radiation required to kill, within a specified
Dose (MLD) period, 50 percent of the individuals in a large group of

animals or organisms exposed. Also called the LD5*.

Microcurie - One millionth of a curie; abbreviated uCi.

(pCi)

Micron - Unit of length equal to 10-6 meters (Symbol: p).

Migration - Movement of oil or water through porous and permeable rock.

Millicurie - One thousandth of a curie (3.7 x 104 disintegrations per se-p cond); abbreviated mCi.

Milliroentgen - A submultiple of the roentgen, equal to one-thousandth of
a roentgen; abbreviated mR.

Molecular - The sum of the atomic weights of all the atoms in a
Weight molecule.

Molecule - Smallest quantity of a compound which can exist by itself
and retain all properties of the original substance.

Monitoring - Periodic or continuous determination of the amount of ioniz-
ing radiation or radioactive contamination present in an
occupied region.

Monoenergetic - Electromagnetic radiation of a single wavelength, or
Radiation radiation in which all the photons have the same energy.

Multibarrier - A system using the waste form, the container (canister),
the overpack, the emplacement medium, and surrounding
geologic media as multiple barriers to isolate the waste
from the biosphere.

Natural - The property of radioactivity exhibited by more than fifty
Radioactivity naturally occurring radionuclides.
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Nuclide A species of atom characterized by its mass number, atomic
number, and nuclear energy state; to be regarded as a
distinct nuclide, the atom must be capable of existing for
a measurable lifetime in its nuclear energy state.

Neutron - Electrically neutral particle in the nucleus; of very
slightly greater mass than a proton but without nuclear
charge; can cause fission in uranium-235 and plutonium upon
impact.

Neutron - Nuclear reaction in which uranium atoms absorb neutrons and
Absorption transmute into heavier transuranic elements, such as pluton-

ium.

Operations - Broad classification of waste management activities in terms
of their basic function (e.g., waste storage, treatment,
transportation, or disposal).

Outcrop - The exposure of bedrock or strata projecting through the
overlying cover of detritus and soil.

Overpack - Secondary (or additional) external containment for packaged
nuclear waste.

Parent - In a decay chain, the element which decays to produce a
"daughter".

Parent Nuclide - A radionuclide that upon disintegration yields a specified
nuclide, either directly or as a later member of a
radioactive decay series.

Percentage - Dose of radiation delivered at a specified depth in tissue,
Depth Dose expressed as a percentage of the skin dose.

Perched - Pertains to groundwater accumulation which is above and
separate from the general water table of the area.

Permeability - The quality or state of being permeable. The relative ease
with which a porous medium can transmit a liquid under a
hydraulic gradient.

Permissible - The dose of radiation which may be received by an individual
Dose within a specified period with expectation of no signifi-

cantly harmful result.

Personnel - Monitoring any part of an individual, his breath, excre-
Monitoring tions, or any part of his clothing.

Picocurie - One millionth of a microcurie (3.7 x 10-2 disintegrations
per second or 2.22 disintegrations per minute); abbreviatedp pCi; replaces the term pvc.
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Pleistocene The earlier of the two epochs comprising the Quaternary;
Age the age of glaciers.

Plutonium (Pu) - Manmade transuranic heavy element, formed by neutron
absorption in uranium-238, which can be made to fission.
It is a heavy (density 19.816 g/cme @ 4*C), radioactive,
silvery white metal. Metallic plutonium has a melting point
of 639.50C and a boiling point of 3,2320 C. It is chemically
reactive, and after short exposure to air it oxidizes to
a dark brown or black color. Plutonium may assume oxi-
dation states of +3, +4, +5, or +6, depending on
environmental conditions. Plutonium oxide (PuO ) has a
density of 11.46 gm/cm3 and a melting point of ?,2000 to
2,4000C. It is relatively insoluble under most conditions.
Plutonium is pyrophoric, meaning that it can ignite and
self-sustain to complete oxidation. There are two regimes
in the oxidation of plutonium: a kinetic-controlled regime,
in which the oxidation rate is controlled by temperature
and oxygen availability, and the diffusion-controlled
regime, in which the oxidation is self-sustaining and is
controlled by the diffusion of the oxygen through the oxide
layer to the metal surface.

Porosity The property of a rock or soil which enables the rock or
soil to contain water in voids or interstices, usually
expressed in percentage or as a decimal fraction of void
volume as compared to total volume.

Potentiometric - Refers to the relief or elevation of the groundwater sur-
face.

Primary - The useful beam of an x-ray tube.
Radiation

Primary Wastes - Untreated initial wastes resulting from operation of fuel
cycle facilities other than waste management facilities.
(Wastes from operation of waste management facilities are
secondary wastes).

Proportional - Voltage range in which the gas amplification is greater than
Region one, and in which the charge collected is proportional to

the charge produced by the initial ionizing event.

Proton - Positively charged particle in an atom's nucleus.

Rad - Radiation absorbed dose, the basic unit of absorbed dose
of ionizing radiation. A dose of 1 rad is equivalent to
the absorption of 100 ergs of radiation energy per gram of
absorbing material.
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Radiation (1) The emission and propagation of energy through space
or through a material medium in the form of waves; for
instance, the emission and propagation of electromagnetic
waves, or of sound and elastic waves. (2) The energy
propagated through space or through a material medium as
waves; for example, energy in the form of electromagnetic
waves or of elastic waves. The term radiation or radiant
energy, when unqualified, usually refers to electromagnetic
radiation. Such radiation commonly is classified, according
to frequency, as Hertzian, infrared, visible (light), ultra-
violet, x-ray, and gamma ray. (3) By extension, corpuscular
emissions, such as alpha and beta radiation, or rays of
mixed or unknown type, as cosmic radiation.

Radiant Energy - The energy of electromagnetic radiation, such as radio
waves, visible light, x- and gamma rays.

Radioactive - Wastes from the nuclear fuel cycle and other activities
Waste using radioactive material (medical, industrial).

Radioactivity - Occurs when unstable atoms spontaneously expel particles,
or bursts of energy. The particles and energy are invis-
ible, odorless, tasteless, and soundless. The major types
of ionizing radiation are alpha, beta, and gamma.

S Radioisotope - A radioactive isotope.

Radionuclide - A species of atom that is radioactive.

Reaction Energy- In the disintegration of a nucleus, it is equal to the sum
(Nuclear) of the kinetic or radiant energies of the reactants minus

the sum of the kinetic or radiant energies of the products.
If any product of a specified reaction is in an excited
nuclear state, the energy of subsequently Emitted gamma
radiation is not included in the sum. The "ground-state
nuclear reaction energy" is the reaction energy when all
reactant and product nuclei are in their ground states
(Symbol Q.).

Recharge - In hydrology, a source or means for replenishment of water
withdrawn or discharged from an aquifer by natural or arti-
ficial processes.

Rem - Roentgen equivalent man; a quantity used in radiation
protection to express the effective dose equivalent for
all forms of ionizing radiation. It is the product of
the adsorbed dose in rads and factors related to relative
biological effectiveness.

Remediation - Actions necessary to clean up, remove, or treat a substance
Measures or location so hazardous effects are eliminated or reduced.
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Remotely Waste package having surface dose rate greater than 0.2 R/
Handled hr. Such packages require extensive shielding and/or remote
Waste handling to protect operating personnel. Remotely handled

wastes were termed intermediate-level wastes in DOE/ET-
0028 and DOE/ET-0029.

Repository - A federally owned and operated facility for storage or
(Federal) disposal of specific types of waste from DOE sites and/or

licensees.

Retrievability - Capability to remove waste from its place in isolation with
approximately the same level of effort and radiation expo-
sure as required to place the waste.

Risk - Product of the consequences and the probability of the
(k-athematical) event's occurrence.

Roentgen (R) - A unit for measuring gamma or x-ray radiation. The roentgen
is defined by measuring the effect of the radiation on air.
It is that amount of gamma or x-rays required to produce
ions carrying 1 electrostatic unit of charge in 0.001293
g of dry air under standard conditions; 1 R = 2.58 x 10-4
coulomb/kg.

Scaler An electronic device which registers current pulses received
over a given time interval.

Scattered Radiation which during its passage through a substance, has
Ridiation been deviated in direction. It may also have been modified

by a decrease in energy.

Scattering Change of direction of subatomic particles or photons as
a result of a collision or interaction.

Sealed Source - A radioactive source sealed in an impervious container which
has sufficient mechanical strength to prevent contact with,
and dispersion of, the radioactive material under the
conditions of use and wear for which it was designed.

Secondary - Radiation resulting from absorption of other radiation in
Radiation matter. It may be either electromagnetic or particulate.

Secondary - Wastes that result from applying waste treatment technol-
Wastes ogies to primary wastes.

Secular - If a parent element has a very much longer half-life than
Equilibrium the daughters (so there is no appreciable change in its

amount in the time interval required for later products to
attain equilibrium), then, after equilibrium is reached,
equal numbers of atoms of all members of the series
disintegrate in unit time. This condition is never actually
attained, but is essentially established in such a case as
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radium and its series to radium D. The half-life of radium
is about 1,600 years; of radon, approximately 3.82 days;
and of each of the subsequent members, a few minutes. After
about a month, essentially the equilibrium amount of radon
is present; then (and for a long time) all members of the
series disintegrate the same number of atoms per unit time.

Selector, - A circuit designed to select and pass voltage pulses in a
Pulse Height certain range of amplitudes.

Self- - Absorption of radiation (emitted by radioactive atoms) by
Absorption the material in which the atoms are located; in particular,

the absorption of radiation within a sample being assayed.

Series, - A succession of nuclides, each of which transforms by radio-
Radioactive active disintegration into the next, until a stable nuclide

results. The first member is called the "parent," the
intermediate members are called "daughters," and the final
stable member is called the "end product."

Shield A body of material used to prevent or reduce the passage
of particles or radiation. A shield may be designated
according to what it is intended to absorb (i.e., as a
gamma-ray shield or neutron shield), or according to the
kind of protection it is intended to give (i.e., as a
background, biological, or thermal shield). The shield of
a nuclear reactor is a body of material surrounding the
reactor to prevent the escape of neutrons and radiation into
a protected area, which frequently is the entire space
external to the reactor. It may be required for the safety
of personnel or to reduce radiation enough to allow use of
counting instruments for research or for locating contamina-
tion or airborne radioactivity.

Shielding - A material interposed between a source of radiation and
personnel for protection against the danger of radiation.
Commonly used shielding materials are concrete, water, and
lead.

Shipping Cask - A specially designed container used for shipping radioactive
materials.

Short-Lived - Radioactive isotopes with relatively short half-lives.
Nuclides Usage for some isotopes varies with the concept being

considered (e.g., isotopes with 5-50 year half-lives are
short-lived in the context of geologic disposal but long
lived in the context of predisposal operations).

Sigma (or) - Greek letter refers to standard deviation, a statistical
measure of dispersion.
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Skin Dose The dose of radiation which may be received by an individual
(Radiology) within a specified period with expectation of no signifi-

cantly harmful result.

Slurry - A fluid mixture or suspension of insoluble material.

Solidification - Conversion of liquid radioactive waste to a dry, stable
solid.

Somatic - A direct effect (as of radiation) on the health of body
tissue.

Source Term - The quantity of radioactive material (or other pollutant)
released to the environment at its point of release
(source).

Specific - Total activity of a given nuclide per gram of a compound,
Activity element, or radioactive nuclide.

Spike - The known amount of an isotope added to a sample to deter-
mine the unknown amount present in analysis by isotope
dilution.

Spurious Count - In a radiation counting device, a count caused by any agency
other than ionizing radiation.

* Split-Spoon - Soil samples secured with a split-spoon sampling device.
Samples

Storage - Retention of waste in some type of manmade device in a
manner permitting retrieval.

Stratigraphic - Refers to the sequence of soil and rock characteristics
of an area.

Stratum - Sedimentary bed or layer, regardless of thickness, of
homogeneous or gradational lithology.

Stray - The sum of leakage and scattered radiation.
Radiation

Surficial - Formed on, situated at, or occurring on the earth's surface.
Geology

Technologies - Specific methods for implementing concepts. An example is
calcination of liquid high-level waste by using a spray
calciner.

Thorium - Naturally occurring radioactive element.

Threshold Dose - The minimum absorbed dose that will produce a detectablep degree of any given effect.
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Tissue Dose Absorbed dose received by tissue in the region of interest,
expressed in rads.

Tracer - An isotope used to follow a process.

Transmissivity - Volume of water flowing through a 1-ft width of aquifer of
given thickness under a unit gradient (1 ft vertically for
each 1 ft laterally) and at the viscosity prevailing in the
field. Mathematically, it is the product of permeability
and aquifer thickness.

Transmutation - A nuclear process in which one nuclide is transformed into
the nuclide of a different element. This can be accomp-
lished by bombardment with neutrons (neutron absorption)
or other nuclear particles.

Transportation - Movement of materials between sites. Intra-site movement
is not considered. Includes alternative methods for
packaging, handling, and transport of waste materials and
plutonium compounds. Concepts include all conventional
methods of land and water transport required by the waste
management system.

Transuranic - Elements with an atomic number greater than 92. They
(TRU) Elements include, among others, neptunium, plutonium, americium,

and curium.

S Transuranic - Waste material measured or assumed to contain more than a
Waste specified concentration of transuranic elements.

Treatment - Operations intended to benefit safety or economy by changing
the waste characteristics.

Tremie-grouted - Placing grout with a pipe in the annular space between
the casing and boring wall.

Tube, Electron - A tube in which small electron currents are amplified by
Multiplier a cascade process employing secondary emission.

Tube, - An electron multiplier tube in which the electrons initiat-
Photomultiplier ing the cascade originate by photoelectric emission.

Uranium - Natural radioactive element occurring in two main forms;

uranium-235 and uranium-238.

Volatile - A substance which tends to evaporate into the air.

Waste - Process of converting waste to a stable, solid, and rel-
Immobilization atively insoluble form.

Waste Isolation- A Department of Defense repository proposed for a radio-p Pilot Plant active waste storage site in Southeastern New Mexico.
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S Waste The planning, execution, and surveillance of essential func-
Management tions related to the control of radioactive (and nonradio-

active) waste, including treatment, transportation, storage,
surveillance, and isolation.

Water Table - The upper surface of the zone of water saturation in the
subsurface, at which the pressure is equal to atmospheric
pressure; the upper surface of an unconfined aquifer.

Weapons-Grade - Approximately 93 percent Pu-239 and 7 percent Pu-240.
Plutonium (WPG) Plutonium-239 is a neutron actipation product of U-238

and has a half-life of 2.44 x3 10 years. Plutonium-240
has a half-life of 6.58 x 10 years, and is formed by
multiple neutron capture of U-238. Radioactive decay of
Pu-239 and Pu-240 results in th- release of alpha particles.
A weak x-ray (gamma ray) is also associated with decay of
Pu-239. Plutonium-241 (half-life 13.2 years) is formed
through multiple neutron capture of U-238 or Pu-239, and
decays to Am-241 with the release of beta radiation.

X-Rays - Penetrating electromagnetic radiations whose wave lengths
are shorter than those of visible light. They are usually
produced by bombarding a metallic target with fast electrons
in a high vacuum. In nuclear reactions, it is customary
to refer to photons originating in the nucleus as gamma
rays, and thQse operating in the extranuclear part of the
atom as x-rays. These rays are sometimes called roentgenrays after their discover, W. C. Roentgen.

Yellowcake - Partially refined uranium ore.

Definitions extracted, in part, from:

U.S. Department of Energy, 1980, Management of Commercially Generated
Radioactive Waste, Final Environmental Impact Statement, DOE/EIS-0046F.

U.S. Department of Health, Education and Welfare, 1970, Radiological Health
Handbook.

Electric Power Research Institute, 1976, Plutonium: Facts and Inferences: EPR,
Special Report EA-43-SR.
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1.1I Scope. The objective of the Air Force Installation Restoration
Program (IRP) is to assess past hazardous waste disposal and spill sites on Air
Force installations and develop remedial actions consistent with the National
Contingency Plan (NCP) for those sites -hich pose a threat to- human health and
welfare or the environment. The intent of this effort is to conduct a Remedial
Investigation and Feasibility Study (RI/FS) in parallel with an Environmental
Inpact Analysis Process (EIAP) which produces-an Environmental Impact Statement
(EIS) on the Air Force's Proposed Actions and Alternatives concerning the
radioactive material from the 1960 fire at the BOMARC Missile Site at McGuire
AFB NJ. Data concerning this fire will be mailed to contractor under separate
cover. To meet this objective the contractor shall accomplish the following:

1.2 Technical PAequirsmt

1.2.1 RI/FS Work

1.2.1.1 The objective of the RI/FS is to gather environmental data,
screen for Applicable or Relevant and Appropriate Requirements (ARARs),
determine potential health risks, and analyze remedial alternatives that will
result in an Air Force decision document. The contractor shall conply with all

- requirments listed in the USAFOEHL/TS Handbook, Version 2.0, dated April 1988;
and the BOMARC Missile Site Stage 2 Work Plan and Quality Assurance Project
Plan (QAPP) (all mailed under separate cover). All references in this
Statement Of Work to the "Handbook" refer to the above version of the
USAFOML/TS Handbook. The Work Plan and Section I of the Handbook lists all
documents relevant to supporting this Statement of Work (SOW) for the RI/FS.

1.2.2 Literature Seaxch. Update literature search performed as part
of RI/FS Work Plan to determine the radiological, geological, hydrogeological,
social and envirwnmtal settings for this work effort. RI/FS Requirements are
supplied under separate cover (see "Environmental Setting", Section II of the
Report Format, Section 3, USAFODhL/TS Handbook). When gathering information
for the demographic setting and conducting the well inventory, consider only
those populations and wells within one mile of the BOMARC site. Sources
include: IRP Phase I Report, Federal and State geological agency reports,
academic theses and related university research, municipality and county
reports, and historical and current aerial photographs. Cite all bibliographic



references reviewed, including personal communications, in the appropriate part
of the report. The contractor shall not duplicate information gathered under
any previous efforts (reports of previous efforts are provided under separate
cover).

1.2.3 Public Health and Envirervmntal Requiements

1.2.3.1 Develop the Data Quality Objectives (DQOs) to evaluate the
threat of contaminants to public health and welfare or the environment. This
effort shall satisfy the requirements contained in the Superfund Amendments and
Reauthorization Act (SARA) of 1986 to identify all Applicable or Relevant and
Appropriate Requirements (ARARs). Sources for ARAs are listed in the
Handbook, Section 2 and Table 4-2 of the Work Plan.

1.2.3.2 Determine radioactive "hot" spots which may have occurred as a
result of the 1960 fire by using post survey results (furnished under separate
cover) and two models. Use this information to define the boundary for field
work sanpling grids for in-situ radiological analysis-and soil borings,
concrete coring, electrical conduit and manholes wipe sampling, and air
monitoring of drilling locations. The boundary limit shall be defined as a
significant amount/piece of radioactive material resulting in 0.2 micro curie
per square meter of radioactivity.

1.2.3.2.1 Predict where these "hot" spots may occur by using historic
data of the 1960 fire (sent under separate cover) and adapting two off-the-
shelf computer models for air dispersion and sediment transport. Using the
Nuclear Regulatory Commission (NRC)-approved Mesoscale, Version 2, (MEISO-2)
model for air dispersion, determine the surface "footprint" from the airborne
release during previous incident. Select an off-the-shelf, open channel flow
sediment transport model to define the worst case condition for Pu-239
transport and dispersion into the drainage ditch and pond during the 1960 fire.
Under present site conditions determine what frequency storm would cause
erosion of the drainage ditch and further distribution of Pu-239 into the
environment.

1.2.3.2.2 All documentation records for the models shall be maintained

until a record of decision is issued.

1.2.4 Site Preparation and Maintenance

1.2.4.1 Establish a seven foot security fence boundary around the
planned work area which shall include the launch shelters, concrete pad, and
asphalt drainage ditch area. This area shall be known as the "Radiological
Control Area" (RCA). Establish a sanple and radiological waste holding areas
within the RCA. Establish a contamination control area for decontamination and
entry control. Establish a temporary area for logistical support with
sovwerinq facilities and parking in an area free from radiation contamination.--

1.2.4.2 Erect a temporary enclosure for launch Shelter Building 204 to
prevent the release of contaminated material into the environment during
removal of loose debris and borehole field investigations.
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1.2.4.3 Radiological Waste The contractor shall package all
radioactive waste generated as a result of sampling and site characterization
and maintain a ccmplete inventory of the radiological waste placed in each
container by chemical form, activity per gram of material, and description of
contents. The Air Force will provide all containers and packaging instructions
to the contractor, and provide for proper disposal by the Air Force Logistics
Command. Coordinate with the Base POC and the USAFOEHL/TS TP4 on the site for
temporary storage of all radiological waste awaiting transfer to the Department
of Defense radiological waste disposal contractor.

1.2.4.4 Other Waste or Refuse The contractor shall dispose of
non-nuclear wastes in contractor furnished containers through a separate
local waste disposal/refuse contractor.

1.2.4.5 Quality Assurance/Quality C=t=l (Q%/QC). A quality
assurance/quality control (QA/QC) program shall be adhered to for ALL work
specified in this Delivery Order. The USAFO0HL-approved QA/QC program is ..
described in the IRP Stage 2 Quality Assurance Project Plan (QAPP). Data
generated under the QA/QC program shall be used to evaluate the analytical
results assembled for this site and to formulate conclusions and
recatelndations pertaining to the need for additional site investigations or
remediation alternatives for EIS.

1.2.4.6 Field Instrument sensitivity. The contractor shall provide
field instruments to monitor three regions (energy levels). Region One
will be centered on the 17 KeV, Pu-239 x-rays, Region Two centered on the
60 KeV x-rays from Am-241, and Region Three at abut 90 KeV for monitoring
of natural background. A probe support shall be used to insure that all
field reasurements are collected at 2 feet heights above the ground. Alldata shall be recorded on standard field survey forms to record survey
locations and results.

1.2.5 Ientification and location of Radiological Waste Fcm the
the 1960 Fire: Based on the literature search data the contractor shall
determine the possible location of radiological materials which were removed
from Launch Shelter 204 shortly after the fire. This debris consists of the
launcher, associated support hardware, electrical hardware, possibly
containerized earth drainage ditch dam and strippable paint used to fix the
contamination in place. Use a ground-penetrating radar device to search for
and identify the location of the buried material within the government
property. A maximium of ten (10) days are authorized for ground-penetrating
radar. Survey and mark the location with permanent survey monuments. Show the
location on the project nap.

1.2.6 Field Investigation. As used in this SOW, "field investigation"
refers to the collection of all data, environrental and radiological samples, -
and subsequent laboratory analysis of samples. The purpose of data collection,
sample collection and laboratory analysis is to determine whether any Pu-239,
Am-241 contaminants generated from the 1960 fire are entering the environmenit
or contained. The field investigation shall verify the extent of source,
migration, potential pathways and the magnitude of contamination relative to
ARARs. Define any naturally-occurring or r-ckground concentrations for
transuranic ccmpounds. Refer to Annex A for summary of field activities which
defines the maximum number of field activities, and sample analysis (to include



QA/QC samples), and their respective analytical method or standard; and the
maximum lengths,etc.

N)..2.6. 1 JW-S1'l RZIM=L SWWE!S
The contractor shall conduct in-situ radiological surveys using hyper-pure Ge
detectors with a field multi-channel analyzer to construct contamination
contours and determine drilling locations. The site survey shall be performed
using a radial and grid pattern described in the Work Plan. Model predictions
developed in paragraph 1.2.3.2. shall also be used in conducting this survey.
See Annex A for the maximum number of analyses for this survey.

1.2.6.2 Soil Borings. Drill 30 borings in the site for a maximum of
200 linear feet. Drill all borings using hollow-stem auger techniques. Obtain
split-spoon samples for gamma radioanalysis in the field. Of the split spoon
samples collected, a maximum of three (3) samples per boring shall be analyzed
for Pu-239 by laboratory alpha spectroscopy. See Annex A for location,
analytical methods maximum number of analysis. For those borings that will
-not-be -converted -to test or monitoring wells; tremie-grout the borehole with a
bentonite/cenent slurry. The slurry shall be prepared by adding 3-5 pounds
of bentonite and 6.5 gallons of clean water for each 94 pound sack of Type I
Portland cement. Soil boring holes must be adequately resealed after the soil
sample is replaced to the land surface to preclude future migration of
contaminants. Soil that the site health physicist designates as being
radioactively contaminated shall be disposed as radioactive waste.

1.2.6.3 Cncmrete Coring. Drill 6 cores inside Bldg 204 and 18 cores
outside on the apron for a maximum of 50 linear feet. Core concrete and the soil
below to collect samples to verify contaminant is sandwiched between concreteS) slabs and not migrating into the soil. Of the samples collected, a maximum of
three (3) samples per coring shall be analyzed for Pu-239 by laboratory alpha
spectroscopy. See Annex A for maximum number of analysis. Concrete core
boreholes shall be filled to the land surface with the same slurry mix described
in the above paragraph.

1.2.6.4 Lithologic Swples. For purposes of lithologic descriptions,
obtain split-spoon or coring samples at five (5) foot maximum intervals, unless
concurrence is obtained for a deviation by the USAFOEHL/TS TPM. Monitor all
split-spoon or core samples and record radiation levels detected. Take
laboratory samples as directed by field health physicist. As often as
necessary, describe drill cuttings to indicate significant changes in lithology
or characteristic properties that relate to the strata penetrated. Follow the
standard identification practices detailed in ASTM D 2488. Correlate the
materials encountered with local geologic formations as determined from the
literature search. Include observations made by the driller and hydrogeologist
during drilling such as depth to water, penetration rate, drill rig behavior,
and other observations that might be indicative of changes in formation
characteristics. If soil encountered during borehole drilling or test pit
work is suspected to be contaminated because of high readings, containerize the
soil cuttings in new, unused contractor furnished drums. Enter into the boring
logs the depth(s) from which suspected contaminated soil cuttings were
collected. Compile all of this information into standard boring or well
logs. Indicate on the logs the intervals where discrete split-spoon/core
samples were taken and the corresponding readings data.



1.2.6.5 Air Monitoring During Drilling. The contractor shall monitor
continuously the ambient air during all drilling work, including all soil,

. concrete and asphalt boring/coring procedures. The air filters shall be
) counted to determine the gross alpha radioactivity both immediately upon

stopping drilling activities, and 24 hours later to determine net alpha
activity due to plutonium. In cases where alpha activity remains above 20
disintergrations per minute per 100 square centimeter (20 DPM/100 SQ 04), the
filter paper shall be analyzed in the laboratory for plutonium-239 activity by
alpha spectroscopy. See Annex I '-r the maximum number of analyses.

1.2.6.6 Mmitoring Wells. Install a maximum of 10 new monitoring
wells for a maximum of 1000 linear feet, 100 feet screening. These wells shall
be installed at a specific location where concrete coring or soil borings
indicate potential contaminant migration into groundwater which cannot be
adequately nonitored or assessed from existing on site monitoring wells.
The USAFOD{L TPM shall coordinate on the installation of the new wells to
determine the number of wells and their locations. All well water samples
shall be analyzed for gross alpha/beta activity.- The primary reference is "The
Interim Radiological Methodology for Drinking Water:, EPA-600/4-75-008, March,
1976. Alternative methods must be approved by the Dvironzrnntal Protection
Agency (EPA) in accordance with 40 CFR 141.27. See Annex A for the maximun
number of analysis.

1.2.6.7 Water Samqlin

a. BOMRC Unerground Electrical/Camzmicaticn Distribution
System. The concrete pad covering the manhole covers to the underground
electrical and communications bunkers shall be removed to allow access for

' sampling. A water sample shall be taken frm each bunker and analyzed. The
remaining water standing in the communications bunkers shall be pumped out and
properly disposed as radioactive waste. Any sludge remaining shall be sampled
and analyzed for plutonium activity. Upon completion of the sampling, the
manhole covers shall be replaced and the area resealed with portland cement
concrete. See Annex A for the location for samples and the maximum number of
analysis.

b. Surface Water Samples. Collect surface water sarples in
the drainage ditch if sufficient runoff is present to ensure an adequate sample
volume. See Annex A for the maximum number of analysis.

c. Ground Water Samples. Ground water samples in either
existing or newly installed nmonitoring wells shall be collected only if the
results from concrete coring or soil borings show a potential groundwater
ccntamination problem. Sampling locations must be coordinated with the
USAFD/TS TPM. See Annex A for the maxiirum number of analysis.

1.2.6.8 Wells, Boreholes and Sampling Specification. The contractor
shall comply with the procedures described in Annex B as it pertairs to wells,
boreholes and groundwater sampling in this delivery order.

1.2.6.9 Wipe 9adiomoi Survey.

a. When Shelter 204 is enclosed, take a maximum of 100 smear
or wipe samples in Shelter 204. All the wipe samples shall be analyzed for



a gross alpha activity determination with no more than ten (10) randomly
selected for alpha spectroscopy analysis. See Annex A for location, analytical
method, and the maximm number of analysis.

b. Select a maximum of twenty (20) launch shelters where wipe
surveys shall be accouplished. No more than fifteen (15) shelters in the
immediate area of Launch Shelter 204 shall be tested, and the remaining five
(5) shelters outside the immediate vicinity of Shelter 204 shall be selected
for wipe surveys. A maxinum of twenty five (25) wipe samples shall be
collected at each of the launch shelters selected for survey, for a total of no
more than 500 wipe samples. Each wipe shall be analyzed for gross alpha
activity to determine removeable contamination. See Annex A for location,
analytical method and maximum number of analysis.

c. Those areas that show removable alpha contamination activity
above the twenty disintergrations per minute per one hundred square centimeters
(20 DPM/100 SQ 04) shall be resampled and counted. If the wipe still appears
-to be above the limit, a-gray fixitive,-strippable paint shall be applied to
prevent the spread of contamination or at the discretion of the site health
physicist removed and disposed as radioactive waste. See Annex A for maximmn
number of analysis.

1.2.7 Baseline Risk Assessment. After a thorough review of all data
gathered during the field investigation and the determination of ARARs
(paragraph 1.2.3.1), determine the potential risk to human health and welfare or
the environment from the contaminants identified at the site. The required
elements of the baseline risk assessment are provided in the Handbook, Section
3 (Report Format Section IV). Include results of the baseline risk assessment

B) in Section IV of the Final Report and the EIS.

1.2.8 PzeL4Una• y Alternative Remial Actions (IS Phase I)
Utilize the data and conclusions obtained from the field investigation and
baseline risk assessment to develop preliminary alternative remedial actions.
The required elements for the FS Phase I report are described in Section 3 of
the Handbook and the Work Plan. Alternatives developed shall include the
following categories:

a. Alternatives for off site treatment and/or disposal

b. Alternatives that attain ARARs

c. Alternatives that exceed ARAPs

d. Alternatives that do not attain ?RARs

e. No further action

f. Non-cleanup alternative

Documentation of the remedial alternative development process, including the
decision rationale shall be provided as an Informal Technical Report (ITR) and
shall be included in Section V of the Final Report. (Item VI, paragraph 6.1,
sequence 3)I)



1.2.9 Initial Screening of Alternatives (FS Phase II). TheS ) alternatives developed in paragraph 1.1 .2.8 shall be screened to eliminate those
that are clearly infeasible or inappropriate, prior to undertaking detailed
evaluation of the remaining alternatives. The required elements for the FS
Phase II are provided in the Handbook, Section 3. An informal Technical
Information Report shall be prepared detailing the screening process and
identifying the alternatives remaining. (Item VI,paragraph 6.1, sequence 3)
This decision process shall be included in Section V of the Final Report.

1.2.10 Detailed Analysis of Alternatives (US Phase III). Perform a
detailed analysis of the alternatives remaining after the initial screening.
The required elements for the FS Phase II are provided in the Handbook, Section
3. Additional guidance can be found in EPA/540/G-85/003, Guidance on
Feasibility Studies Under CERCLA. Provide an Intormal Technical Information
Report describing the analysis procedures, results and conclusions to the
USAFOEHL/TS. (Item VI, paragraph 6.1, sequence 3) The detailed analysis of
environmental pathways shall include the following:

a. Technical Analysis

b. Environmental Analysis

c. Public Health Analysis

d. Institutional Analysis

e. Cost Analysis

f. Evaluation of Alternatives

The analysis procedures, decision process, results and conclusions of the
detailed analysis shall be included in Section V of the Final Report.

1.3 EIS WCFK

1.3.1 The objective of the EIS is to be the decision documentation
process that uses the results of the scientific analysis performed in the
RI/FS to analyze the potential environmental impacts of the proposed actions and
alternatives. The EIS uses those analysis in making decisions or
recommendations on whether and how to proceed with those actions and
alternatives. This process deliberately involves the public, other federal
agencies,and state agencies to assure a clear understanding of the potential
envirrowental consequences of proposed actions and alternatives. To meet this
objective the contractor shall acccotplish the following actions in acdlition to
those actions listed for the RI/FS objectives at the BCOMARC Missile Site,
McGuire AYE NJ:

1.3.2 Synthesize the data collected for the RI/FS and incorporate it
into the Environmental Inpact Statement. Collect data to characterize the
environmental setting for addressing the impacts of the proposed actions and
alternatives on the human and natural environment. Include the collection of
data required to assess the impact of proposed alternatives that may generate
impacts that extend beyond the BOMARC site proper.

l i) I m ma m m m l mm rn n---



1.3.3 Identify potential contaminant pathways in air, water, and soil
S and assess their impact for the proposed actions and alternatives on the

natural and human environment.

1.3.4 Identify issues and concerns that are raised by public
participation in the EIAP. Address these issues in the appropriate section of
the Draft EIS based on RI/FS data and independent data requirements from the
preparation of the EIS.

1.3.5 Revirmmtal Review and Rorsultation qubiments

1.3.5.1 Identify biological and archaeological/historical impacts of the
proposed actions and alternatives. Conduct a survey for each category above
through a literature review, verbal consultation with federal and state agency
involved, and by site inspection. This survey shall be accomplished to meet the
requirements of the Fish and Wildlife Coordination Act (16 V.S.C. Sec. 661 et
seq), the National Historic Preservation Act of 1966 (U.S.C. Sec. 470 et seq.),
the Dkdangered Species Act of 1983 (V.S.C. Sec. _1531 et seq. )i and other . . .
environmental review laws and executive orders. Incorporate the survey into
the EIS.

1.3.5.2 Define and list all federal permits, licenses, .and other
entitlements which must be obtained in implementing the proposal in the EIS.

1.3.6. Public Hearings, (three) at Mciuire AMB The contractor shall
prepare a EIS overview describing the proposed actions and alternatives of the
subsequent impacts on the natural and human environment for presentation at the

~ hearing Item VI, paragraph 6. 1, sequence 9. The contractor shall provide a
legal stenographer to record the proceedings and prepare a transcript of the
hearing Item VI, paragraph 6. 1, sequence 3. Three technical personnel 8 hours
each, for two days, shall be available to respond to technical questions raised
in the EIS. The contractor shall prepare a written response to all issues and
questions raised during the hearing as recorded in the public hearing
transcript Item VI, paragraph 6. 1, sequence 3. Individual draft responses
shall be made to each individual or agency raising a question and supplied to
the Air Force. Final responses will be incorporated into the Final
Environmental Impact Statewent. (Item VI, paragraph 6.1, sequence 3)

1.3.7 Based on the scoping documents and the outcome of public
hearing(s), update the significant issues or concerns to be addressed in the
Final EIS. Utilizing the RI/FS data, rank the potential significance of each
issue, and screen the alternatives and potential impacts to meet the
requirsiats of 40CFR1500.4.

1.3.8 Develop mitigation options for the proposed a'tions and
alternatives and discuss in the EIS.

1.3.9 Referuacs. The contractor shall comply with all requirements
listed in Air Force Regulation 19-2, the EIAP process, the Council on
Enviroruuntal Quality (CE) Regulations for Implementing the Procedural
Provisions of the National Evironmental Policy Act (NEPA) the EIS scoping
documents, and the BCMARC Missile Site Stage 2 Work Plan. (All documents are
provided under separate cover). The Work Plan lists additional documents
relevant to supporting this Statement of Work (SOW).



1.4 Decision s

s.4.1 Tcnical Document to suport E Record of Decision
The contractor shall prepare a Record of Decision in accordance with the requests
stated in paragraph 1505.2, AFR 19-2, attachment I. (provided under separate
cover) (Item VI, paragraph 6.1, sequence 4)

1.4.2 Technical Dcument to Support Remeial Action Alternatives
Prepare a decision document to the selection process. Use the format provided
in the Handbook, Section 11. (Item VI, paragraph 6.1, sequence 4).

1.5 Reports

1.5.1 Draft Reports. Draft reports are considered "drafts"
only in the sense that they have not been reviewed and approved by the Air
Force. In all other respects, "drafts" must be complete, in the proper format,
and free -o:t grammatical and typographical errors. All draft reports shall be
thoroughly screened through contractor in-house peer technical review before being
released to USAFOEHL/TS.

1.5.2 RI/FS Final Report. Prepare a report delineating all
findings from this investigative stage of the remedial
investigation/feasibility study. Review the Results, Conclusions and
Recommendations concerning the site listed in this task which was investigated
during any previous IRP stage work effort. Use this information and data from
previous efforts to establish trends and develop conclusions and
recommendations. Integrate all investigative work done at the site to date so
that the report reflects the total cumulative information for the site studied
in this effort. Evironmental sample results shall be analyzed with respect toQA/QC data unique to this project. Summary statistics shall be used and
reported when justified by the amount and quality of data and incorporated only
in the draft reports (ITIRs). This report must also include a detailed
discussion of the recommended alternative. (Item VI, paragraph 6.1, sequence
4).

1.5.2.1 RI/FS Report Format. Strictly adhere to the USAFOEHL/TS
Report Format (USAFOEHL/TS Handbook, Section 3) for preparation of draft and
Final RI/FS Reports. This fbrmat is an integral part of this Delivery Order.

1.5.3 Microfiche Copies of Final Report. Provide three (3)
microfiche copies of the approved Final Report (Item VI, paragraph 6.1,
sequence 17).

1.5.4 n Impact Statemt (EIS) Report.
Use the fo-mat and guidance provided in section 40 CFR 1502 for report
preparation. (Item VI,paragraph 6.1, sequence 4). Incorporate by reference .
detailed information that is included in the RI/FS developed under this
delivery order, especially the backup material (technical procedures and
detailed data) that way be included as appendices to the RI/FS. Annotate a
copy of the second draft report of the final impact statement indicating new
Liformation added to the EIS and provide to the Aix Force to enhance security
review at this stage of the process.



1.5.5 Project Map. Update an installation map which locates all
*• sampling locations on a single sheet. Provide the map with the first draft

RI/FS report following the field investigation. (Item VI, paragraph 6.1,
sequence 3)

1.5.6 Analytical Data. Upon completion of all analyses, tabulate
and incorporate all analytical data into an Informal Technical Information
Report and forward the report to USAFOHL/TS no later than three (3) weeks
after all analyses have been completed. Use the format provided in the
UShPOM!L/TS Handbook, Section 8. (Item VI, paragraph 6.2, sequence 3)

1.5.7 laeter Report The contractor shall provide a record of all
conferences, informal meetings (other than those with a transcript), discussions,
verbal directions, telephone conversations, etc. in which the contractor and
his subcontractor personnel have participated on matters relative to direction
of or planning for this SOW effort. These letter reports are called
confirmation notices and are numbered sequentially. A maxinum of 100 pages
is authorized for this project. They shall fully identify participating .
personnel, subject discussed, and any guidance given and/or conclusions reached.
Distribution will take place no more than five working days after the event
occurred. Recipients of this Notice are key contractor personne2, USAF0EHL/TSS,
and HQMAC/DEV. (Item VI, paragraph 6.1, sequence 16)

1.6 Plans.

1.6.1 Health and Safety Plan. Provide a revised written Health and
Safety Plan (as provided under separate cover) within six (6) weeks after the
Notice To Proceed (NTP). Comply with USAF, OSHA, EPA, NRC, State and local

* health and safety regulations regarding the work effort. Use NRC EPAS guidelines for designating the appropriate levels of protection needed at the
study sites. Coordinate the Health and Safety Plan directly with applicable
regulatory agencies prior to submittal to L POD/TS. Provide the USAFOEHL/TS
TPM with evidence of Health and Safety Plan approval prior to the start of
field work. (Item VI,paragraph 6.1, sequence 3)

1.6.2 Waste Managemnt Plan.. Provide a -written waste management
plan within six (6) weeks after NTP. This plan shall detail the expected waste
categories to be generated and approximate quantitites, define interium holding
areas and -.ontamination control procedures to be used. ,Cdoply with USAF, OSHA,
NRC, EPA, state and local regulations for all categories of terrporary waste
storage and for disposal of wastes other than radioactive. (Item VI, paragraph
6. 1, sequence 3)

1.7 Meet•igs. A maximum of 10 meetings with four (4)
contractor personnel shall be attended at Mcguire AEB,NK. Each meeting shall
be a maximum of two 8 hour days in duration. All meetings shall be coordinated
by the USAFOL/TS TPM and are required to support. the EIS process.

1.8 Special Notification . Immediately report to the USAFOE4LD/TS
M or his/her supervisor, via telephone, any data/results generated during

this investigation which may indicate an imminent health risk. Follow the
telephone notification with a letter report within three (3) days.
(Item VI, paragraph 6.1, sequence 16)

- )



1.9 R & D Status RAports. Include all data as required by the
USAFODL/TS Handbook, Section 6. Tabulated field and laoratory test
results and QA/QC data shall be incorporated into the next monthly R E D
Status Report as they become available and forwarded to the SA'OFDAL/TS
(Item VI, paragraph 6. 1, sequence 1 ).

1.10 Variations. The above technical efforts which include
maxinurn requirements are'estimates only. Should the contractor determine
technical efforts, including field work, require variation from these
estimates, the contractor shall obtain a written concurrence from the
contracting officer's technical representative at USAPODML/TS. This
concurrence is required prior to proceeding with the variation. Under such
circumstances, the ceiling price of this order shall remain unchanged. Should
an increase in the ceiling amount be necessary, contracting officer
authorization will be required prior to proceeding with the variation.

S111 - •neering Network Analysis.- Provide within 10-days of NTP a
coiputer generated network analysis, which is a detailed task plan for the
integration of the RI/FS and EIS work efforts. The Network Analysis shall be
in the form of a progress chart of suitable scale to indicate appropriately
the percentage of work schedule for completion by any given date during the
period of the delivery order. The Network Analysis will show both serial and
parallel subtasks leading to a deliverable product or report. Show early and
late start and completion data with float. Use the timeline, delivered under
separate cover to obtain deliverable dates. This shall be updated quarterly.
(Item VI, paragraph 6. 1, sequence 2)

D ) IZ. S=T 14 0• AM D •S:

BOMARC Site, McGuire AFB,NJ

Date to be established

The Base will:

3.1 Show location of underground utilities and issue digging or
other appropriate permits to the IRP contractor prior to the coamenceuent of
digging or drilling operations.

3.2 Assign non-radioactive waste aouulation points within the
installation for ccrtract refuse pickup. The contractor is responsible for
providing all necessary containers (55-gallon drums) and for transporting
the containerized material.

3.3 Coordinate on a temworary radioactive waste storage area.
Take custody of any radioactive materials in government furnished containers:
at storage area and transport government furnished containers off site.

3.4 Provide the contractor with existing engineering plans,
drawings, diagrams, aerial photographs, etc., to facilitate evaluation of IRP
site under investigation.

.)



3.S Arrange for the following services and have available prior
to the start-up of field work:

)a. - Personnel identification badges, vehicle passes and/or entry
permits.

b. A source for large quantities of potable water for borehole
flushing, equipment cleaning, etc.

c. A set of keys to the locks on any existing test/monitoring
wells at BCOARC Site. The keys shall be returned to the Base POC by the
contractor when the survey has been completed.

d. TeWporary construction barriers and parking/traffic control
at the site.

3.6 Make paint color selections when requested.

3.7 Provide guidance on base standards as required for contractor
interface.

IV. GO W F IS PROP Y: None

V. GO'J E•T I:W O C Z'x • :

5.1 D&UxM/TS 5.2 Base Point of Cctact (POC)
Technical Program Manager (TPH) Marty Eisenhart
Major John M. Clegg, Jr., PE 438 ABG/DEV
USAFQDM/TSS McQure AFB, N3 08641
Brooks AMB TX 78235-5501 (AC) 609-724-2770
(512) 536-2158
AV 240-2158/2159
1-800-821-4528

5.3 HU MC/EV (POC)
Ms Calliott/Mr. Scott E~wads
Scott AFB IL 62225-5001
(AC) 618-256-5764

-. ,
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V1. EOUVERAWU

6.1 Attachment I of the besic contract. In addition to Sequence
SNumbers 

I and 5 listed in Attachment I to the basic contract 'which

apply to all orders, the Sequence Numbers and dates listed below are

applicable to this order:

Sequence No. Para No. Block 10 Bl 1 Block 12 Block 13 Block 14

3 (Health & 1.1.6.1 afMM 89JAN13 89FEB24 - 10

Safety Plan)

3 (Waste Man- 1.1.6.2 =TME 89JAN13 89FM24 4

agement Plan)

3 (ITIR- PH IV 1.1.2.8 OTIME 89ALG31 - 3

3 (TMI- PH IT)I..1.2.9 .OTI.M~ _ 89A.3L . - 3 _.......

3 (ITIR- PH I1I)1.1.2.10 OTIE 89AUG31 ** - 3

9 (Public 1.1.3.6 CNE/R 89DEM29

Hearing support)

3 ITIR (Trans- 1.1.3.6 ar** **** -

script

3 ITR (ResponseI.1. 3 . 6  OTIME - *

to Public
Hearing)

4 (Decision 1.I.4.2 OME/R 89M31 890CT04 89DEC22

Document)

4 (RJ/FS Tech. 1.i.5.2 ONE/R 89AS31 890CT04 89DEC22

Rpt)

4 (EIS 1.5.4 CNE/R 89APR26 890--04 89DEC29

Document)

17 (Microfiche) I.1.5.3 OTMr 89DEC28 89DB:29 3

3 Project Map 1. 1.5.5 a 89AvR26 890CT-04 1

3 ITIR I.1.5.6 OT1Analyicl *****

16 (Matter 1.1.5-*
Report) ****

4 (Decision 1.1.4.1 ONE/R e9AM131 89N0V30 89DEM22

Document)

4 (Netvork I.1.11 CM(/R 89jAN1 7 89JAN27 ''

Analysis)



1) 6.2 Notes:.

* Distribute 4 copies as shown USAFDM/S( ),HMAC/DEV(2),BSE(I ).
Retain public meeting transcript original for final EIS documentation.

* Upon completion of Phase but no later than 3 weeks of completion

No later than 10 days of notification of hearing

'*'* No later than 10 days after each hearing

S* One first draft report (15 copies), one second draft report (25
copies), and one Final Report (50 copies plus the original camera-ready
copy) are required. Incorporate Air Force comnents into the second draft

.,,and Final Reports as specified by USAFODIL/TS. Supply USAFMIL/TS with an
advance-copy of the first-draft, second draft, and Final Reports for
acceptance prior to distribution. Distribute the remaining 14 copies of
the first draft report, 24 copies of the second draft report, and 49 copies
of the Final Report as specified by USAFOEHL/TS.

*"*** Four drafts and one final report shall be required. After
acceptance of advanced copy by TPM, provide 20 copies to HQ USAF/LEEV, Bolling
AFB, Washington DC 20331; 10 copies to HQMAC/DEV, Scott AFB IL, 62225-5001; 6
copies to USAFOEHL/TS and 2 copies to Base POC. Incorporate cemrents into all
drafts and Final documents as specified by LSMUM/TS. Supply USATO•DL/TS
with an advance copy of the first draft, secod draft, third draft and Final
documents for acceptance prior to distribution.

S* '*'*** Upon coapletion of analyses but no later than 3 weeks after all
analyses have been coxpleted

• ***** No later than 3 days of telephone notification with USAFOMM..

•******** Quarterly'. thereafter

I)_
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I. Dilling Supervision. The field investigation (including all coring,
drilling, boring and sampling operations) shall be supervised by either a
registered geologist, engineering geologist, hydrogeologist or Professional
Engineer (PE) and a health physicist. (Provide 2 supervisors, one for
drilling/boring work and the other for radiological sampling and site safety).
A detailed log of the conditions and materials penetrated during the course of
the work shall be maintained by the geologist/hydrogeologist/PE on site.
Decisions on well coring and boring locations, depths, well screening
intervals, and other construction details shall be made collectively by the
USA• M/TS TPM and the supervising geologist/hydrogeologist/PE and health
physicist.

2. Regulatory and Prmits. All well drilling, soil sampling,
decontamination and/or purging, sampling methods, nuclear waste, nuclear
material transport and other activities pertaining to this effort Bust conform
to State and other applicable regulatory agency requirements. Cite references
in an appendix to the Final Report. Ccoplete permits, applications, and other
documents which are required by local and/or State regulatory agencies for this
wiork effort. File these documents with appropriate agencies and pay all
applicable permitting and filing fees.

) 3. Sealing Doreboles. For those boreholes that will not be converted to test
or monitoring wells; tremie-grout the borehole with a bentonite/cement slurry.
The slurry shall be prepared by adding 3-5 pounds of bentonite and 6.5 gallons
of clean water for each 94 pound sack of Type I Portland cement. Soil
boreholes must be adequately resealed after the soil sample is replaced to the
land surface to preclude future migration of contaminants. Soil that the site
health physicist designates as being radioactively contaminated shall be
disposed as radioactive waste. Concrete core boreholes shall be filled with
the slurry to the land surface.

4. Well Dd;ling. Augers, temporary casings and/or boreholes shall be
sufficiently large to provide a minimum of two (2) inch annular space on all
sides of the well casing and screen during well caepletion. Ensure wells are
installed straight, plumb, and centered in the borehole. Describe the
lithology of materials encountered as described for borings in paragraph
1.1.4.7.3. If possible, avoid installing wells in standing water. If wells
must be installed in such areas, design the wells such that standing water does
not leak into the top of the casing or cascade down the annular space fran a 25
year flood.

5. Well Casin uir s. Construct each shallow well with two (2) inch
inside diameter (I.D.), Schedule 40, PCV casing. Use threaded screw-type
joints only. Glued fittings are not permitted. Flush-thread all connections.

6. Well Depth. Install wells at a sufficient depth to collect representative



saples of aquifer quality.

7. Wle Screeng Ruirumnts.

a. Screen each shallow well using two (2) inch I.D., Schedule 40, PVC
screen having up to 0.020-inch openings. Screen opening size may be smaller
based upon borehole geology or sieve analysis of aquifer materials. Each well
screen shall be a maximum of ten (10) feet in length. Cap the bottom of the
screen.

b. Screen all wells a minimum of five (5) feet.

c. Once the casing is in place, install the sand/gravel pack. If the
formation is compatible with the screen opening size, allow the formation to
collapse around the well screen. Supplement with washed and bagged, rounded
silica sand or gravel with a grain size distribution compatible with the screen
and the formation. Place the pack from the bottom of the borehole to at least
2 ft above the top of the screen. The sand/gravel pack should not extend into -
an overlying formation. Tremie at least a two (2) foot bentcnite seal
(granulated or pellets) above the sand/gravel pack. Esure that the bentonite
forms a complete seal. Grout the remainder of the annulus to the land surface
with a Type I Portland cement/bentonite slurry. The slurry shall be prepared
by adding 3-5 pounds of bentonite and 6.5 gallons of clean water for each 94
pound sack of Type I Portland cement. The bentonite used shall be free of
additives that may affect water quality.

8. Well C='let•• n. Ccmplete all test wells using the following
specifications:

a. Coordinate with the Base Point Of Contact (POC) to determine well
conpletion (i.e., flush or projected above the ground surface) requirements.

(M) If well stick-up is of concern in an area, complete the well flush
with the land surface. Cut the casing two to three inches below land surface,
and install a protective locking lid consisting of a cast-iron valve box
assembly. Center the lid assembly in a three (3) foot diameter concrete pad
sloped away from the valve box. Ensure that free drainage is maintained within
the valve box. Also, provide a screw-type casing cap to prevent infiltration
of surface water. Maintain a minimum of one (1) foot clearance between the
casing top and the bottom of the valve box. Clearly mark the well number on
the valve b=c lid and well casing using an inpact labeling method.

(2) If an above-ground-surface conpletion is used, extend the well
casing two or three feet above land surface. Provide an end plug or casing cap
for each well. Shield the extended casing with a steel guard pipe (sleeve)
which is placed over the casing and cap and seated in a two-foot by two-foot by
four-inch (2' X 2' X 4") concrete surface pad. Slope the pad away from the ,
well sleeve. Install a lockable cap or lid on the guard pipe. Install three
(3), three-inch diameter concrete-filled steel guard posts if the base POC
determines the well is in an area which needs such protection. The guard posts
shall be five (5) feet in total length and installed radially from each
wellhead. Recess the guard posts apprcoximately two (2) feet into the ground
and set in concrete. Do not install the guard posts in the concrete pad placed
at the well base. Fill each guard post with concrete. Clearly mark the well

//



number on the well protective sleeve exterior using paint and/or impact
the base.

b. All weils shall be secured as soon as possible after drilling. Provide
corrosion resistant locks for both flush and above-ground well assemblies. The
locks must either have identical keys or be keyed for opening with one master
key. Turn the lock keys over to the Base POC following completion of the field
effort.

c. Include well completion summaries in the Final Report.

9. Well Logs. For each well, prepare a well completion log and schematic
diagram showing well construction details. Lithologic descriptions and other
information included in the well logs shall conform to the specifications of
paragraph.

10. Well Developant. Develop each well as soon as practical after well
completion and grout caring with a dedicated submersible punp,.. bailer, and/or . .

airlift method. Continue well development until the discharge water is clear
and free of sediment to the fullest extent possible (ie., turbidity less than 5
NTU). Measure the rate of water production, pH, specific conductance, and
water temperature during well development and include this information in the
Final Report.

11. Water Level Measu=,=%Is. Measure water levels at all test wells as feet
below the measuring point elevation (usually top of casing) to the nearest 0.01
foot. Report as feet above mean sea level (MSL). Measure static water levelsP in wells prior to well development and before all well purging preceeding
sampling events.

-12. Well AIaniozmn. Recommend well abandonment method(s) or technique(s)
which are applicable to the type of test wells installed and the geological
conditions. Consider that these wells will be abandoned at same future date
after the study objectives have been met. The actual process of well
abmndermant is not a part of this task order. Rec,: ed I method(s) shall be
consistent with State and local well abandonment guidelines or regulations.

13. Surveying. Determine by certified land surveyor the elevations and
locations of all newly infstilled test wells, soil borings, concrete coring
sampling points. This shall be a "third order" survey. Notch the top of the
riser casing where well elevations are established. Record the positions on
project map. Bench marks used must have previously been established from, and
be traceable to a US Coast and Geetic Survey (UScGS) or US Geological Survey
(USGS) survey marker. Clearly dentify all bench mark locations on the project
or a base map.

14. Well and BDozeole Cleamp. Dispose of all uncontaminated well/borehole .

cuttings per direction of the Base Civil Engineer and clean the general area:
following the completion of each well/borehole. If approved by the Base Civil
Engineer, uncontaminated cuttings nay be spread over the general area in the
vicinity of the well or borehole or shall be trucked to more suitable areas for
disposal. Containerize and store cuttings suspected to be hazardous in
accordance with paragraph 1.1.4.4.2.I
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* Page 2

SCHEDULE OF CHANGES

FIRST: AFSC Form 700, Block 20, is amended by changing the
dollar amount to read $2,097,061.00, an increase of
$149,843.00. "

SECOND: The Task Description, dated 7 Dec 88, is amended as
shown on pages 3 through 9 herein.

THIRD: AFSC Form 706 (70H) is amended as shown on page 10
herein.

FOURTH: AFSC Form 703 (69K), Accounting Classification Data, is
amended as shown on page 11 he:.e.n.

FIFTH: Contractor letters, dated 89 '. o and 89 Jun 15, are
incorporated herein by refer..'

SIXTH: This order further incorpor-.- reference ASD/PMRSC
±etters of authorization aa*.-. JUn 12 & 89Jun16 and
designated order no. F33615-- ;533/001001. Any
costs incurred or payments - -.- Ider the provision of
the instrument referenced w: .-- considered to have
been made under this instrume..!.

I
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SCEEDULE OF CEANGES

CONTRACT NUMBER: F33615-85-D-4533

DELIVERY ORDER NUMBER: 10

LOCATION: MCGUIRE AF-B, NJ - RI/FS ,EIS STAGE 2 IRP

CONTRACTOR: EARTH TECE-NOLOGY COPPORATION

MODIFICATION NUMBER: 01

DATE OF MODIFICATION: 16 MAY 89

Pen and Ink Changes follow:

PARAGRAPH CBANGE

SECTION I DESCZPTION OF WORX

1.2.4.1 Replace the first two sentences with the following:

Temporarily remove the concertina wire or erect a
temporary bridge over it for Bldg. 204 access.
Assu-e the wire barrier is replaced prior to
demobilization in a manner acceptable to the base POC.
Next,establish a seven foot security fence boundary for
a maximum of 2500 feet of new fence around the work
area. Utilize to the maximum extent practicable the
existing fence and repair as necessary . Within this
fenced area a temporary Radiological Control Area (RCA)
shall be established by the on-site health physicist
as soon as possible after site mobilization.

1.2.4.3 Add new paragraph:

Subcontractors preforming the above site preparation
work shall have the proper safety equipment
and have attended the 40 hour OSHA certification
required by 29 CF-R 1910-120.

1.2.4.6 Replace paragpraph with the following paragraph:

"Fiel Instrument Sensitivity. Pricr
to implementing the field work, the contractor
shall determine the optimum model and geometry of the
detection equipment. The equipment shall monitor
at a minimum 17 keV to 1,500 keV spectrum of
radioactivity with special attention to recognizing
the 17 keY PU-239 x-rays,the 60 keV AM-241 x-rays,
and the 90 keV x-rays from background radiation.
Bench scale testing of the equipment on AM-241 is

required to determine the optimum support height and



respective counting time for the different medias
expected to be encountered in the field for
accuracy ,reliability and overall sensitivity.
The instrument sensitivity must be capable of meeting
the EPA draft screening level of 0.2 micro curies
per square meter with at least 95% confidence.

1.2.5 Replace paragraph with the following paragraph:

Identification and Location of Radiological Waste
from the 1960 Fire. Based on the literature
search data the contractor shall determine the
possible location of radiological materials which
were removed from the Launch Shelter 204 shortly
after the fire. This debris consists of the
launcher, associated support hardware, electrical
hardware, possible containerized earth from drainage
ditch dam, Pnd strippable paint used to fix the
contamination in place. Use magnetometry to survey
the adjacent government property and then pin-point
the site with a ground penetrating radar device.
A maximum of ten (10) days are authorized for the
search. Survey and mark the location with
permanent survey monuments. Show the location on
the project map.

1.2.6.2 Replace paragraph with the following title:

SOIL BORINGS FOR:

1.2.6.2a Add new paragraph:

Radiological Sampling. Drill 30 borings at the
site for a maximum of 200 linear feet. Drill all
borings using hollow-stem auger techniques. Obtain
split spoon samples for field radioanalysis.
Select a maximum of three samples per boring to be
analyzed for PU-239 by laboratory alpha spectroscopy.
See Annex A for location, analytical methods and
maximum number of analyses.-

1.2.6.2b Add new paragraph:

Chemical Sampling. Drive 4 borings on centerline
of the drainage ditch for a maximum of 20 linear feet.
Obtain split spoon samples with California Brass ring
liners inside for chemical analysis.
A sample shall be taken at the following locations
along the drainage ditch: entry from concrete
apron, upstream of old earthen dam location, midway
from entry and dam, and at outlet depression on
west side of Highway 539. For each sample collect the
volatile organics portion between twelve and
eighteen inches from the surface, and the reraining

F33615-85-D-4533/001001 4



sample portions between six to twelve inches from the
surface. Use the most recent EPA Contract Laboratory
Program statement of work protocals to prefer the
following analyses:

1) TCL Volatile Organic Compounds plus library
search to determine the ten(10)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
2) TCL Semivolatile Organ!c Compounds plus
library search to determine the twenty (20)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.

Analyses must be preformed in a laboratory
currently particpating in the EPA Contract
Laboratory Program (CLP) for organics and state
certified in New Jersey. The laboratory must
adhere to all CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted. See Annex A for maximum number
of analyses.

1.2.6.3 Replace paragraph with the following title:

CONCR=-E_ CO=GS FOR:

1.2.6.3a Add new paragraph:

Radiological Sampling. Drill 6 cores inside Bldg. 204
and 18 cores outside on the apron for a maximum of 50
linear feet. Core concrete and the soil below to
collect samples for field radioanalysis.
Select a maximum of three samples per coring to be
analyzed for PU-239 by laboratory alpha spectroscopy.
See Annex A for location, analytical methods and
maximum nunbeer of analysis. Concrete core holes shall
be filled with the same material as soil borings.

1.2.6.3b Add new paragraph:

Chemical Sampling. Drill 3 cores for a maximum of
9 linear feet in concrete and the soil below to collect
samples for chemical analysis. A sample shall be taken
at the following locations: within bldg. 204, and
remaining on the apron. For each sample collect the
sample portions between six to twelve inches trom the
surface of the soil/concrete ine.rface. Use the most
recent EPA Contract Laboratory Program statement of
work protocals to prefer the following analyses:

I) TCL Volatile Organic Compounds plus library5 search to determine the ten(10)



nonsurrogate organic compounds of greatest
concentration which arc not listed on the
TCL.S 2) TCL Semivolatile Organic Compounds plus
library search to determine the twenty (20)
ronsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.

Analyses must be preformed in a laboratory
currently particpating in the EPA Contract
Laboratory Program (CLP) for organics and state
certified in New Jersey. The laboratory must
adhere to all CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted. See Annex A for maximum number
of analyses.

1.2.6.5 Replace paragraph with the following paragraph:

Air Monitoring. The contractor shall monitor
continuously the ambient a:r during all on-site
work which involves distrut:ng the ambient conditions
of the accident site and c:z.d result in
resuspension of plutoniur- : Americum into the air.
For worker safety realtire air monitoring is
required concurrent with air filtration monitoring
for quantifying the release of PU-239 during field
operations. Air filters shall be counted for grossalpha radioactivity immediately upon completion ofwork and 15 days later to determine the net alpha

activity of plutonium. In case where alpha
activity remains above 4.4 disintergrations per
minute per cubic meter of air sampled, the filters
shall be analyzed in the laboratory for PU-239
activity by alpha spectroscopy. See Annex A for
maximum number of samples and analytical methods.

1.2.6.7c Replace paragraph with the following paragraph:

Ground Water Sampling for Radioanalysis. Ground water
samples shall be collected from existing monitoring well
MW-47,MW-48 and MW-49, plus Pu-i,through 7. Use NJDEP
protocols,provided under separate coverto collect both
filtered and unfiltered samples from each well.
See Annex A for analytical methods and
maximum number of analyses.

1.2.6.7d Add paragraph.

Ground Water Samples for Chemical Analyses. Ground
water samples shall be collected from existing
monitoring wells Pu-1,Pu-2,Pu-5 and Pu-7. Use the most
recent EPA Contract Laboratory Program statement of

6
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work protocals to prefer the following analyses:

1) TCL volatile Organic Compounds plus library
search to determine the ten(10)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
2) TCL Semivolatile Organic Compounds plus
library search to determine the twenty (20)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.

Analyses must be preformed in a laboratory
currently particpating in the EPA Contract
Laboratory Program (CLP) for organics and state
certified in New Jersey. The laboratory must
adhere to all CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted. See Annex A for maximum number
of analyses.

1.2.6.7e Add paragraph.

Ground Water Samples for New- Monitoring Wells.
Ground water samples in newly installed wells shall
be collected and analyzed as referenced in paragraph
1.2.6.6 above. See Annex A for
maximum number of analyses.

1.2.8 Change last sentence to read:

Documentation of the remedial alternative
development process, including the decision
rationale, shall be provided in Section V of the
final report.

1.2.10 Delete fourth sentence and parenthetical statement
following bold printed paragraph heading.

1.5.6 Replace paragraph with the following paragraph:

AnalytIcal Data. The contractor shall validate
all CL? data. Upon completion of all analyses,
tabulate and incorporate all CLP data packages and
radioanalysis, cross reference field and lab sample

•numbers,and include findings and discrepancies of data
into an Informal Technical information Report
(ITIR). For•ward this report to AFOEHL/TSS within
five (5) weeks of completion of all analyses. Use
the format provided in the 3andbook, Section 8.
(Item V!, Paragraph 6.2, sequence 3)I



e '

1.7 Change maximum number of meetings from 10 to read 14.

1.11 In last parenthetical statement change sequence 2

to read sequence 4.

SECTION VI DELIVERABLES

6.1 Delete sequence 3 (ITIR-PH I and III) deliverables.

6.1 Change sequence_3, paragraph 1.1.2.9 BLK 11
to read 89 NOV 17.

6.1 Change sequence 4, paragraph 1.1.4.2 BLK 12 and 13
to read 89 NOV 17 and 90 AUG 01.

6.1 Change sequence 4, paragraph 1.1.-5.2 BLK 12 and 13
to read 89 NOV 17 and 90 AUG 01 respectively.

6.1 Change sequence 4, paragraph 1.5.4 BLK 12 and 13
to read paragraph 1.1.5.4 81 NOV 17 and 90 AUG 01
respectively.

6.1 Change sequence 17, paragraph 1.1.5.3 BLK 11 and
BLK 12 to read 90 AUG 31 and 90 SEP 29 respectively.

6.1 Change sequence 3, paragraph 1.1.5.5 BLK 11 and
BLK 12 to read 90 AUG 31 and 90 SEP 29 respectively.

6.1 Change sequence 4, paragraph 1.1.4.1 BLK 12 and 13
to read 89 NOV 17 and 90 AUG 01.

6.2 Change ******* to read:

Upon completion of analysis but not later than 5
weeks after all analysis have been completed.
Furnish a complete CLP data package for each chemical
analysis to AFOEHL/TSS with the ITIR.

ANNEX A SMMWARY OF FIELD ACTIVITIES

B. SOIL BORINGS Change maximum number of analyses/activity column
to read:

1&2 a)30 borings for radiological sampling for a
total of 200 linear feet.

b)4 borings for chemical sampling for a total
of 20 linear feet.

3 a) 6 concrete cores for radiological sampling
inside Bldg. 204 and 18 cores total outside
on the concrete apron for a total of 50 linear
feet.

b) 3 concrete cores for chemical sampling; one

8
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inside Bldg. 204 and the remainder on the
apron for a total of 9 linear feet.

C.SOIL BORING ADD respectively to objective, standard and maximum
SAMPLING... number of analyses columns the following:

3. Volatile and Semivolatile organic compounds
and pesticides and PCBs.

3. EPA Target Compound Lists(TCL) plus 30 NBS
library search for most prominent non-listed
compounds by CLP certified laboratory.

3. ii analyses total.

F.WATER SAMPLING ADD respectively to objective, standard and maximum
number of analyses columns the following:

6. Volatile and Semivolatile organic compounds
and pesticides and PCBs.

6. EPA Target Compound Lists(TCL) plus 30 NBS
library search for most prominent non-llsted
compounds by CL? certified laboratory.

1 6. 10 analyses total-

G.AIR MONITORING ADD to beginning of standard colu!•n paragraph the
following phrase:

in addition to realtime air monitoring,

H.GROUND . ... RADAR Change type work column to read "MAG.ETOMETRY RND
GROUND PENETRATING .WAD2R"

p
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SCHEDULE OF CHANGE

FIRST: Page 1 of the basic order, AFSC Form 700 (55X),
block 20 is hereby revised to reflect the increase
of the not-to-exceed ceiling amount of
$159,317.00, for a revised ceiling amount of
$2,256,378.00.

SECOND: The statement of work of the basic order, as
amended by 001001, is hereby revised as set forth
on pages 3 through 6 herein.

THIRD: Section F, Supplies Schedule Data, AFSC Form 706
(70H), is hereby revised as set forth on page 7
herein..

FOURTH: Section G, Accounting Classification Data, AFSC
Form 703 (69K), is hereby revised as set forth on
page 8 herein.

FIFTH: All other terms and conditions of the basic order,
as amended, remain unchanged.

I
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STATEMENT OF WORK 89 Aug 08

(Revision #2)

PARAGRAPH CHANGE

SECTION I DESCRIPTION OF WORK

1.2.6.2b Replace paragraph with following new paragraph:

Chemical Sampling. Drive 4 borings on centerline
of the drainage ditch for a maximum of 20 linear feet.
Obtain split spoon samples with California Brass ring
liners inside for chemical analysis.
A sample shall be taken at the following locations
along the drainage ditch: entry from concrete
apron, upstream of old earthen dam location, midway
from entry and dam, and at outlet depression on
west side of Highway 539. For Target Analyte List(TAL)
two separate background samples shall be taken:
one north of BOMARC site in woods and another besides
the county road. For each sample collect
the volatile organics portion between twelve and
eighteen inches from the surface, and the remaining
sample portions between six to twelve inches from the
surface. Use the most recent EPA Contract Laboratory
Program statement of work protocals to perform the
following analyses:

1) TCL Volatile Organic Compounds plus library
search to determine the ten(10)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
2) TCL Semivolatile Organic Compounds plus
library search to determine the twenty (20)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.

4) TAL metals only.
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Analyses must be performed in a laboratory
currently participating in the EPA Contract
Laboratory Program (CLP) for TCL organics and state
certified in New Jersey. TAL analysis does not have
to be performed in a CLP lab. All laboratory analyses
must adhere to CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted. A maximum of 10 percent of the
samples will be split with the EPA.
See Annex A for maximum number of analyses.

1.2.6.3a Replace paragraph with following new paragraph:

Radiological Sampling. Drill 6 cores inside Bldg. 204
and 18 cores outside on the apron for a maximum of 50
linear feet. Core concrete and the soil below to
collect samples for field radioanalysis.
Select a maximum of three samples per coring to be
analyzed for PU-239 by laboratory alpha spectroscopy.
See Annex A for location, analytical methods and
maximum number of analyses. A maximum of 10 percent
of the samples will be split with the EPA.
Concrete core holes shall be filled with the same
material as soil borings.

p 1.2.6.3b Replace paragraph with following new paragraph:

Chemical Sampling. Drill 3 cores for a maximum of
9 linear feet in concrete and the soil below to collec
samples for chemical analysis. A sample shall be taken
at the following locations: within bldg. 204, and
remaining on the apron. For each sample collect the
sample portions between six to twelve inches from the
surface of the soil/concrete interface. Use the most
recent EPA Contract Laboratory Program statement of
work protocals to perform the following analyses:

1) TCL Volatile Organic Compounds plus library
search to determine the ten(10)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
2) TCL Semivolatile Organic Compounds plus
library search to determine the twenty (20)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.
4) TAL metals only.

Analyses must be performed in a laboratory
currently participating in the EPA Contract
Laboratory Program (CLP) for organics and state
certified in New Jersey. TAL analysis does not have tc
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be performed in a CLP lab. All laboratory analyses must
adhere to CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted. A maximum of 10 percent
of the samples will be split with the EPA.
See Annex A for maximum number of analyses.

1.2.6.7c Replace paragraph with the following paragraph:

Ground Water Sampling for Radioanalysis. Ground water
samples shall be collected from existing monitoring well
MW-47,MW-48 and MW-49, plus Pu-1,through 7. Use NJDEP
protocols,provided under separate cover,to collect both
filtered and unfiltered samples from each well.
The EPA will take split samples at the same time.
See Annex A for analytical methods and
maximum number of analyses.

1.2.6.7d Replace paragraph with the following paragraph:

Ground Water Samples for Chemical Analyses. Ground
water samples shall be collected from existing
monitoring wells Pu-1,Pu-2,Pu-5 and Pu-7. The EPA will
take split samples at the same time. Use the most
recent EPA Contract Laboratory Program statement of
work protocals to perform the following analyses:

1) TCL Volatile Organic Compounds plus library
search to determine the ten(10)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
2) TCL Semivolatile Organic Compounds plus
library search to determine the twenty (20)
nonsurrogate organic compounds of greatest
concentration which are not listed on the
TCL.
3) Pesticides and PCBs.
4) TAL metals only.

Analyses must be performed in a laboratory
currently participating in the EPA Contract
Laboratory Program (CLP) for organics and state
certified in New Jersey. TAL analysis does not have to
be performed in a CLP lab. All laboratory analyses must
adher6 to CLP holding times and QA/QC requirements.
A complete CLP data package is required for each
sample submitted.
See Annex A for maximum number of analyses.

SECTION VI DELIVERABLES

6.1 Change sequence 3, paragraph 1.1.2.9 BLK 11
to read 90 JAN 17.
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6.1 Change sequence 4, paragraph 1.I.4.2 BLK 12 and 13
to read 90 JAN 17 and 90 OCT 01 respectively.

6.1 Change sequence 4, paragraph 1.1.5.2 BLK 12 and 13
to read 90 JAN 17 and 90 OCT 01 respectively.

6.1 Change sequence 4, paragraphI.l.5.4 BLK 12 and 13
to read 90 FEB 17 and 90 NOV 01
respectively.

6.1 Change sequence 17, paragraph 1.1.5.3 BLK 11 and
BLK 12 to read 90 DEC 27 and 90 DEC 29 respectively.

6.1 Change sequence 3, paragraph 1.1.5.5 BLK 11 and
BLK 12 to read 90 OCT 31 and 90 NOV 29 respectively.

6.1 Change sequence 4, paragraph 1.1.4.1 BLK 12 and 13

to read 90 JAN 17 and 90 OCT 29 respectively.

ANNEX A SUMMARY OF FIELD ACTIVITIES

B. SOIL BORINGS Change maximum number of analyses/activity column
to read:

1&2 b)7 borings for chemical sampling for a total
of 30 linear feet.

C.SOIL BORING Replace respectively to objective, standard and maximum
SAMPLING... number of analyses columns the following:

3. Volatile and Semivolatile organic compounds,
inorganic metals, pesticides and PCBs.

3. EPA Target Compound Lists(TCL) plus 30 NBS
library search for most prominent non-listed
compounds by CLP laboratory and TAL
metals.

3. 11 TCL and 13 TAL analyses total.
C.SOIL BORING Change maximum number of analyses column

SAMPLING... to the following:

2. 275 analysis total.

F.WATER SAMPLING Replace respectively to objective, standard and maximum
number of analyses columns the following:

6. Volatile and Semivolatile organic compounds,
inorganic metals, pesticides and PCBs.

6. EPA Target Compound Lists(TCL) plus 30 NBS
library search for most prominent non-listed
compounds by CLP laboratory and TAL
metals.

6. 10 TCL and TAL analyses total.
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90 Jun 15

Statement of Work

(Revision #3)

PARAGRAPH CHANGE

SECTION I DESCRIPTION OF WORK

1.3.6 Delete paragraph in its entirety.

1.3.7 Delete paragraph in its *e-ntirety.

1.3.8 Delete paragraph in its entirety.

1.4 Delete subsection in its e'ntirety and replace with
RESERVED. (This subsection includes 1.4.1 and 1.4.2)

1.5.1 Delete paragraph in its. entirety.

1.5.2 Replace paragraph bold title with RI/FS DRAFT FINAL
REPORT.

1.5.2.1 Replace paragraph with the following new paragraph:

RI/FS Draft Final Report Format. Strictly adhere
to the Handbook section 3 for preparation of RI/FS
report.

1.5.3 Delete paragraph in its entirety.

1.5.4 Delete last sentence of paragraph.

I
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SCHEDULE OF CHANGES

FIRST: The Statement of Work for the subject delivery
order, dated 88 Dec 07 and amended by Revisions 1
and 2, is revised as shown on pages 3 and 4
herein.

SECOND: This modification will result in no increase or
decrease in the not-to-exceed delivery order ceil-
ing price.

THIRD: The contractor's letter dated 90 Jul 18, indicat-
ing concurrence with this action, is hereby incor-
porated by reference and made a part hereof.

FOURTH: All references to "ASD/PMRSA" are amended to read
"ASD/PKRSA".

FIFTH: This modification constitutes full settlement of
any claims of the contractor under the contract,
including the clause entitled "Changes", arising

0 out of or by reason of the changes effectedp hereby.

b1
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SECTION V GOVERNMENT POINTS OF CONTACT: " Page 4

5.1 Change to read at follows:

HQ HSD
Contracting Officer's Technical Representative
Major John M. Clegg, Jr, (PE)
HQ HSD/YAQ
Brooks AFB, TX 78235 - 5501
(512) 536-9001
1-800-821-4528

5.2 Change to POC name to read as follows:

Mr Robert Panebianco

5.3 Change to POC name to read as follows:

Mr Mark Stafford

SECTION VI DELIVERABLES

6.1 Change sequence 3, paragraph 1.1.2.9, Block 12
to read 90 Aug 31.

6.1 Delete sequence 9, paragraph 1.1.3.6 all Blocks

6.1 Delete both sequence 3's, paragraph 1.1.3.6 all Blocks

6.1 Delete sequence 4, paragraph 1.1.4.1 all Blocks

6.1 Delete sequence 4, paragraph 1.1.4.2 all Blocks

6.1 Change sequence 4, paragraph 1.1.5.2 BLK 12 and 13
to read 90 Nov 01.

6.1 Change sequence 4, paragraph I.I.5.4 BLK 12 and 13
to read 90 NOV 01, and. Block 14 to read *****.

6.1 Delete sequence 17, paragraph 1.1.5.3 all Blocks.

6.1 Change sequence 3, paragraph 1.1.5.5 BLK 12
to read 90 Nov 01.

6.1 Change sequence 3, paragraph 1.1.5.6 BLK 12
to read 90 Jul 16.

6.2 Delete note * in its entirety.

6.2 Delete note **'*--* in Its entirety.

6.2 Change note *'** to read as follows:

Prepare draft final reports in 15 copies plus a
camera ready copy. Distribute copies as follows to
Government Points of Contact in Section V:

HQ HSD/YAQ - 2 copies
HQ MAC/DEEV - 12 copies
438 ABG/DEV - 1 copy
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F33615-90-D-4007. 0005
Page 2

SECTION B - Sunolies and Services:

Quantity Unit Price
Item No Supplies/Servicei Purch Unit Total Item Amount

0001 CLIN sec class: U 1 N
LO N

noun: SAMPLING, ANALYSIS AND DATA
acrn: AA nsn: N
site codes pqa: D acp: 0 fob: D
pr/mipr data: FY7624-91-15712
item proj mgr: FY7624

descriptive data:
Conduct work in accordance with the Statement
of Work (SOW) of this order, dated 90 Oct 22,
and Section C, The Description/Specifications
of the basic contract. Submit data in
accordance with attachment #1, the Contract
Data Requirements List of the basic contract
as implemented by paragraph VI of this order's
SON, dated 90 Oct 22.

0002 CLIN sec class: U 1 N
LO N

noun: SUPPORT
acrn: AA nsn: N
site codes pqa: D acp: D fob: D
pr/mipr data: FY7624-91-15712
item proj mgr: FY7624

descriptive data:
Provide support in accordance with the
Statement of Mork of this order, dated
90 Oct 22, and Section C, The Description/
Specifications of the basic contract.

I



F33615-90-D-4007, 0005
Page 3

SECTION C - Description/Specifications: See attached Statement of Hork entitled "The"Installation Restoration Program Remedial Investigation/Feasibility Study (RI/FS) and
Final Environmental Impact Statement (EIS)," for details.

SECTION F - Schedule Data:

Delivery Schedule
Item No SuDDlies Schedule Data Ouantity Date

0001 CLIN Del Sch Sec Class: U
acrn: AA
ship to: FY7624 1 92MAR31

descriptive data:
See Section H of the basic contract for FY7624
address.

Technical effort shall be completed in
accordance with the Statement of Work, dated
90 Oct 22 no later than 91 Jun 04. All data
shall be delivered in accordance
with attachment #1 of the basic

I contract as implemented by paragraph VI of the
Statement of Hork dated 90 Oct 22 no later
than 91 Nov 15. The data shall be
accepted by the government not later
than 92 Mar 31.

0002 CLIN Del Sch Sec Class: U
acrn: AA
ship to: FY7624 1 92MAR31

descriptive data:
See Section H of the basic contract for FY7624
address.

Technical effort shall be completed in
accordance with the Statement of Mork, dated
90 Oct 22 no later than 91 Jun 04.

I



22 Oct 90
STRMaNT •r (SON)

7 T INSTALLATION RESTORATION PROGRAM
REBMEDIAL INVESTIGATION/FEASIBILITY STUDY (RI/FS)

AND FINAL ENVIRONMENTAL IMPACT STATEMENT (EIS)

STAGE 3 FOR

B()ARC MISSILE SITE, McGUIRE AFB,NJ

I. ! 11 IN cr "M

1 .1 Scpe. The objective of the Air Force Installation Restoration
Program (IRP) is to assess past hazardous waste disposal and spill sites on
Air Force installations and develop renedial actions consistent with the
National Contingency Plan (NCP) for those sites which pose a threat to
human health and welfare or the environment. The intent of this current
work effort is to finalize a Remedial Investigation and Feasibility Study
(RI/FS) in parallel with conducting an Environmental Impact Analysis
Process (EIAP) which produces an Environmental Inpact Statement (EIS) on the
Air Force's Proposed Actions and Alternatives concerning the radioactive
material from the 1960 fire at the BOMARC Missile Site at McGuire AFB, NJ.

1 1.1 PI/. S DcFo of Work.

1.1.1.1 The objective of the RI/FS is to gather environmental data,
screen for Applicable or Relevant and Appropriate Requirements (ARARs),
determine potential health risks, and analyze remedial alternatives that
will result in a decision document for the Air Force and Environmental
Regulators. To meet this objective the contractor shall finalize the stage
2 draft reports for the BOMARC Missile Site, McGuire AFB, NJ under contract
F33615-85-D-4533/0010. (Herein referred to as the stage 2 report)

1.1 .1.2 References. The contractor shall comply with all requirements
listed in the USAFOEHL Handbook, Version 2.0, dated April, 1988; the BOMARC
Missile Site Stage 2 Work Plan and Quality Quality Assurance Project Plan
(QAPP), (Produced under stage 2 effort). All references in this Statement
Of Work to the "Handbook" refer to the above version of the USAFOHL
Handbook. The Work Plan and Section 1 of the Handbook lists all documents
relevant to supporting this Statement of Work (SOW).

1. 1. 2 EIS ~cipi of Work.

1. 1.2.1 The objective of the EIS is to be the decision documentation
process that utilizes the results of the scientific analysis preformed in
the RI/FS, and to analyze the potential environmental impacts of proposed
actions and alternatives. The EIS uses these analyses in making decisions
or recommendations on whether and how to proceed with these actions. This
process deliberately involves the public, other Federal and State agencies
to assure a clear understanding of the potential environmental consequences
of proposed actions and alternatives. To meet this objective the
contractor shall finalize the stage 2 reports under contract F33615-85-D-

EIS & RI-FS 3, page 1 (22 Oct 90)



4533/001003 to accomplish the following actions in addition to those
actions listed for the RI/FS objectives at the BOMARC Missile Site, McGuire
AhB NJ:

a. Identify any significant issues and conflicting concerns

b. Identify biological and archeological / historical inpacts

c. Identify potential contaminant pathways

d. Identify reasonable and feasible alternatives or mitigation options;
and their significant inpacts on the environment and our society

e. Provide support to public and government meetings or hearings

f. Provide EIS documents for public and government agency review
to aid in the decision making process

1.1.2.2 References. The contractor shall comply with all requirements
listed in Air Force Regulation 19-2, the EIAP process, the Council on
Environmental Quality (CEQ) Regulations for Inplementing the Procedural
Provisions of the National Environmental Policy Act (NEPA), the EIS scoping
documents, and the BOMARC Missile Site Stage 2 Work Plan. (Provided during
stage 2 effort). The Work Plan lists additional documents relevant to
supporting this Statement of Work (SOW).

1.2.2 Public Hearing Support. The contractor shall provide expert
witness(es) testimony, a legal stenographer to take minutes, all technical
illustrations and reference documents for the public hearing presentation.
A maximum of two hearings will occur for a duration of two days. (Item
VI, Paragrapb 6.1, Sequetces 3 & 9).

1.3 Baseline Risk Assessment. After a thorough review of all data in
the stage 2 report finalize the potential risk to human health and welfare
or the environment based on the contaminants identified at the site. The
required elements of the baseline risk assessment are provided in the
Handbook, Section 3 (Report Format Section IV). Include results of the
baseline risk assessment in Section IV of the Final Report and the EIS.

1.4 Analysis of Alternatives Finalize the analysis of the alternatives
from the stage 2 report. The analysis procedures, decision process,
results and conclusions of the detailed analysis shall be included in
Section V of the Final Report.

1.5 -- . •c Statmont, DWMl • .d~t

1.5.1 Based on the outcome of public hearing update the significant
issues or concerns in the Final EIS. Utilizing the RI/FS data, rank the
potential significance of each issue, and screen the alternatives and
potential inpacts to meet the requirements of 40 CFR 1500.4.

1.5.2 Identify reasonable and feasible actions / alternatives or
mitigating options for the significant issues. Define their significant
inpacts or consequences on the environment, the base mission and the

EEIS & RI-FS 3, page 2 (22 Oct 90)



society.

1.5.3 ivirczWmntal Ixzpsct Statelent (EIS). Prepare in both draft and
final forms the EIS meeting the requirements of AFR 19-2 and 40 CFR 1502.
The maximum use of references shall be utilized, especially the supporting
material for the RI/FS report. (Item VI, Paragraph 6.1, Sequence 4)

1.6 Reports

1.6.1 RI/FS Final Report. Prepare a report finalizing the stage 2
report. Forward the report to HSD/YAQ for Air Force and regulatory
agency review (Item VI, Paragraph 6. 1, Sequwce 4).

1.6.1.1 RI/FS Draft Reports. Draft reports are considered "drafts" only
in the sense that they have not been reviewed and approved by the Air
Force. In all other respects, "drafts" must be camplete, in the proper
format, and free of grammatical and typographical errors. All draft
reports shall be thoroughly screened through in-house peer technical review
before being released to HSD/YAQ.

1.6.1.2 RI/PS Report Fozmat. Strictly adhere to the Report Format
(Handbook, Section 3) for preparation of Draft and Final RI/FS Reports.

1 .6.2 ivirormwntal Impact Stateient (EIS) Report Foncat. Utilize the
format and guidance provided in section 40 CFR 1502 for both draft and

final EIS documents. (.te VI, Paragraph 6.1, Sequence 4).

1.7 Network Analysis. Provide within 10 days of NTP a computer generated
network analysis detailing the integration of the RI/FS and EIS work
efforts. The Network analysis will show both serial and parallel subtasks
leading to each deliverable product or report. Show early and late start
and ccmpletion data with float. Utilize the latest timeline to establish
deliverable dates. Provide the estimated manhours by categories to be used
for each serial and parallel subtasks as computer back-up material. (Item
VI, Paragraph 6.1, Sequence 3).

1.8 Confirmation Notices. The contractor shall provide a record of all
conferences, meetings (other than those with a transcript), discussions,
verbal directions, telephone conversations, etc. in which the contractor
and his subcontractor personnel have participated on matters relative to
this SOW effort. These records are called confirmation notices and are
numbered sequentially. They shall fully identify participating personnel,
subject discussed, and any guidance given and/ or conclusions reached.
Distribution shall take place no more than five working days after the
event occurred. Recipients of th .s Notice are key contractor personnel,
HSD/YAQ, and H@MAC/DEV. A maximum of 100 pages shall be contracted for
this effort. (Item VI, Paragraph 6.1, Sequence 16).

1.9 Meetings. A maximum of 10 meetings with a maximum of ten (10)
contractor personnel shall attend public hearing(s) and government meetings
at McGuire AFB,NJ. Each meeting shall be a minimum of two workdays in
duration. All meetings shall be coordinated by the HSD/YAQ and are
required to support the EIS process.

E
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1.10 R & D Status Rqixots. Include all data as required by the Handbook,p Section 6. (item VI, Paragraph 6.1, Semnc 1).

1. 11 Variaticns. The above technical efforts which include maximun
requirements are estimates only. Should the contractor determine technical
efforts, including field work, require variation from these estimates, the
contractor shall obtain a written concurrence from the contracting
officer's technical representative. This concurrence is required prior to
proceeding with the variation. Under such circunstances, the ceiling price
of this order shall remain unchanged. Should an increase in the ceiling
amount be necessary, contracting officer authorization will be required
prior to proceeding with the variation.

II. SID=CGN

BOMARC Site, McGuire AFB, NJ

III. BhSE SORT: NONE.

IV. GOVERNET FUN% PaET: N=-E

V. GOVEWJI! P01NT O CaNTrCr (POC):

5.1 HSD/YAQ
Contracting Officer's Technical Representative
Major John M. Clegg, Jr., PE
Brooks AFB TX 78235-5501
(512) 536-9001
1-800-821-4528

5.2 MAJCOM POC
HQ MAC/DEEV
Mr. Mark Stafford
Scott AFB, IL 62225-5000
618-256-5764

5.3 BASE POC
Mr Robert Panebianco
438 ABG/DEV
McGuire AFB, NJ 08641-5005
609-724-2770

I
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VI. D

6. I Attadut I of the basic cotract. In addition to Sequence
Numbers 1 and 5 listed in Attachment I to the basic contract which
apply to all orders, the Sequence Numbers and dates listed below are
applicable to this order:

Sequence No. Para No. Block 10 Block 11 Block 12 Block 13 Block 14

3 (Network 1.1.7 QTRLY 10 DAC a - 4
Analysis)

3 Transcripts 1..12.2 0TIME b b -

3 Transcripts 1.1.2.2 OMIME b b - *

4 (RI/FS Tech. 1.1.6.1 ONE/2R 90 Nov 30 91 Feb 01 91 Nov 01 **

Rpt)

4 (EIS 1.1.6.2 ONE/3R 90 Nov 30 91 Feb 01 91 Nov 01 *
Documents)

9 Public Hearing 1.1.2.2 As Req 91 Jun 04 91 Jun 04 91 Nov 15
Support

16 Confirmation I 1.8 As Req 4

Notice- LTR report

6.3 Notes:.

a Quarterly thereafter

b Within 2 weeks after Public Hearing

c Distribution shall take place no more than 5 work days after event

occurs

• Distribute 4 copies as shown to HSD/YAQ( I), HQMAC/DEV( 2), BASE( 1).

Retain public meeting transcript original for final EIS documentation.

•* One first draft report (15 copies), one second draft report (25
copies), and one Final Report (50 copies plus the original camera-ready
copy) are required. Incorporate Air Force comments into the second draft
and Final Reports as specified by HSD/YAQ. Supply HSD/YAQ with an
advance copy of the first draft, second draft, and Final Reports for
acceptance prior to distribution. Distribute the remaining 14 copies of
the first draft report, 24 copies of the second draft report, and 49 copies
of the Final Report as specified by HSD/YAQ.

*** For all draft and final EIS documents provide 20 copies to HQ
USAF/LEEV, Bolling AFB, Washington DC 20331; 20 copies to HQMAC/DEV, Scott
AFB IL, 62225-5001; 6 copies to HSD/YAQ and 5 copies to Base POC.S Incorporate comments into all drafts and Final documents as specified by
HSD/YAQ. Supply HSD/YAQ with an advance copy of the first draft,
second draft, third draft and Final documents for acceptance prior to
distribution. Provide a microfiche copy of each final document to HSD/
YAQ within I month following final reports.

EIS & RI-FS 3, page 5 (22 Oct 90)



CERTIFICATE OF ESTABLISHED CATALOG OR MARKET PRICES

The undersigned, who represents that he/she is authorized to
make such certification on behalf of the contractor indicated
below, hereby certifies that the items listed below rtet the
following criteria:

(1) That the prices of the below-listed items are
established catalog or market prices of commercial
items sold in substantial quantities to the general
public in an open market situation as such terms
are defined in Paragraph 15.804-3(c) of the
Federal Acquisition Regulation, and

(2) That any price or quantity discounts applied to
su'ch prices are at least as great as the largest
discount offered to any other of the contractor's
customers, government or commercial.

The items covered by the above certification are described as
follows (use separate sheet, if necessary):

SIGNATURE DATE

TYPED OR PRINTED NAME TITLE

S NAME OF FIRM CITY, STATE
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E T7he Ewth Tediaologyxo, radon BOREHOLE LOG

S Project NmW: BOMARC - McGuire AFD, Plumsted Twp., N.J.

Project Ntumer: 86013-11 [Borehole N•mber: BO1 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 174.

Drilling Agency: John Mathes Oriller: MikeDillon Date Started: 10/10/89 Date Finished: 10/10/89

Drilling Equipment: Diedrich D-50 Total 10.0
Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None

CompLetion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples
.r

gE Descriptiono " . Remarks

z

10 YR 6/8, brownish yellow, coarse-medium to fine 6 4.42E-02 Started: 8:45 AM
sand, trace silt, trace fine gravel, roots, (SP-SM) 1 Fidler background: 150 cpm

1 Sample taken: 001-SS-BO1-002
SP 2 (sample from top 6' of spoon)

HPG: 4.42E-02 uCi/sample
Fidler: 110 cpm

1OYR 8/4, very Pale brown, medium to fire sand, 6 ND Tip Wet
l little silt, iron staining bands, (SP-SM) 1 Sample taken: 001-SS-BOI-002

I (sample from bottom of spoon)
SP 2 HPG: NDFidler: 110 cpm

10YR 7/8, yellow to 10YR 8/3, very pale brown, 5
medium to fine sand, trace clayey silt, iron -6 Fidler: 110 cpm

5 mining, (SP-SC) 7
SP 11 Generator for HEPA filter failed at

9:00 AM

10YR 6/8, brownish yellow, medium to fine sand, 15
little silt, (SP-Sm) 13 16 Fidler: 110 cpm16

SP 13 Started Drilling again at 12:45 PM

7.5 YR 618, reddish yellow, medium to fine sand, 6 ND Sample taken: 001-SS-BOI-003
trace clayey silt, (SP-SC) 11 (sample from bottom of spoon)

12 HPG: ND
SP 10 Fidler: 110 cpm

1o_

TD-10'

Completed at 1:00 PM
Grouted at 1:20 PM

I
I _



Wý The Earth TedksoloV,
Sarporanon BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project uamber: 86013-11 Borehole Number: B02 Sheet 1 of

Borehole Location: BOMARC Missile Site Etevation and Datum: Land: 1

Dritting Agency: John Mathes Driller: MikeDillon Date Started: 10/9/89 Date Finished: 10/9/89
Drilling Equipment: Diedrich D-SO Total 10.0

Depth (feet):

Dritling Method: Hollow Stan .- tiger Borehole Diameter (inches): 6

Drilling Fluid: None

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

Description I 1 .9 Remarks
J- a 0

IOYQ 6/8, brownish yellow, coarse to fine sand, I 2 .78E-02 Started: 2:30 PM
liale silt trace fine gravel, roots, (SP-SM) 3 S Fidler: 90-110 cpm

SP 6 Drill rod broke

IOYR 7/8, yellow to IOYR 6/8, brownish yellow, 5 ND
medium to fine sand, trace silt, trace fine gravel, 6 Fidler: 90-110cpm
cinders, (SP-SM) 8

SP 8

IOYR 8/8, yellow to IOYR 6/8, medium to fine sand, 5
little silt, iron stain (bands), (SP-SM) 7 7 Fidler: 90-110 cpm5_ _ 7

SP 9

7.SYR 6/8, reddish yellow to IOYR 8/8, yellow, 4
medium to fine sand, little clayey silt, partings of 13
dark minerals, (SP-SC) 16

SF 19

IOYR 8/3, very pale brown to 10 YRt 8/8, brownish I RD
yellow, medium to fine sand, trace clayey silt, 1i
(SP-SC) 19 Filer: 90-ll0cpm

SI 17

10_
TD-I0'

Completed at 3:20 PM
Grouted at 3:45 PM

15_

L ______________ - - __ _ __________



N•, •CrwTW BOREHOLE LOG

Project Nam: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 Borehole Number: B03 Sheet 1 of 1

Borehote Location: BOMARC Missile Site Elevation and Datum: Land: 173.00'

Drilling Agency: John Mathes DriLLer: MikeDillon Date Started: 10/9/89 Date Finished: 10/9/89

Drilling Equipment: Diedrich 1D-50 Total 10.0
Depth (feet):

Drilling fethod: Hollow Stem Auger Borehole Dimeter Cinches): 6

DriLling Fluid: None

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

0.3 Description o Remiarks

10YR 7/8, yellow, coarse to fine sand, trace silt, 2 5.65E+00 Started: 1:30 PM
trace fine gravel, roots, (SP-SM) 6 Fidler background: 90-110 cpm

11 Fidler: 90-110cpm
SP 12

10YR 6/8, brownish yellow, medium to fine sand, 6 D
little silt, (SP-SM) 12

14 Fidler: 90-110 cpm
SP 14 Sample taken: 001-SS-B03-002

10YR 7/8, yellow, fine sand, little silt, (SP-SM) 3
77 1Fidler: 90-110 cpm

SP 12

7.5YR 6/8, reddish yellow to 10YR 7/8, yellow, 7
medium to fine sand, trace clayey silt, (SP-SC) 14 Fidler: 90-110 cpm

16
SP 20

7.5YR 6/8, reddish yellow to 10YR 7/8, yellow, 11 ND
medium to fine sand, trace clayey silt, (SP-SC) 19 Rdler- 90-110 cpm

15
SP 14 Sample taken: 001-SS-303-003

10_
TD-10'

Completed at 2:00 PM
Grouted at 2:20 PM

I
15 _ _________________________ ____ ________________ 1



Eo,~on BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 F5orehole Number: B04 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 174.

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/9/89 Date Finished: 10/9/89

Drilling Equipment: DiedrichD-S0 Total 10.0Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

CL Description I L Remarks

10YR 6/8, brownish yellow, coarse to fine sand, 3 6.66E+00 Started: 10:20 AM
little silt, iron mining, roots, (SP-SM) 6 Fidler background: 100-120 cpm

8 Fidler: 150 cpm (top 6" of spoon)
SP 7

10YR 7/6, yellow, medium to fine sand, trace silt, 2 ND
partings of dark minerals, mottling, (SP-SM) 4Fidler: 100-120 cpm

SP 9 Sample taken: 001-SS-BO4-002

10YR 8/4, very pale brown, medium to fine sand, 7
trace silt, moting, (SP-SM) 7 13 Fidler: 100-120 cpm5- 13

SP 11

10YR 8/2, fine sand, little silt, partings of dark 8
minerals, mottling, (SP-SM) Fidler: 100-120 cp9

12
SP 19

10YR a/3, very pale brown, medium to fine sand, 9 RD
trae silt, (SP-SM) 1113 Fidler: 100-120 cpm

SP 14 Sample taken: 001-SS-BO4-003

10_
TD- 10'

Completed at 10:45 AM
Grouted at 11:05 AM

L15_



Ecwp Canoim BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Pluwsted Twp., N.J.

Project Mumer: 86013-11 Borehote Number: B05 Sheet 1 of 1

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 173.20'

Drilling Agency: John Mathes DriLler: MikeDillon Date started: 10/5/89 Date Finished: 10/5/89

Drilling Equipment: DieMriCd D-SO TotaL 6.0____________________________________________________Depth (feet):______________

Drilling Nethod: HollowStem Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Completion Information: Logged By: Checked By:

Ri-hard Bizub Phil Watts

Samples
.C L 4

,L Description a Zý L Remarks

10Th 8/3, very pa1e brown to 10Th 7/8, yellow, 1 1 .OSE+00 Started: 10:30 AM
medium to fine sand, trace silt, motting, roots, 2 Fidler background: 60-90 cpm
(SF-SM) 4 Fidler; 60-90 cpm

SF 7

S10Th 6/6 to 10Th 7/4, very pale brown, medium to 4 ND

fine sand, trace sih, (SF-SM) 4ilr 09 p

SF 7 Sample taken: 001-SS-BO5-002

10Th 3/2, white to 10Th 7/7, yellow, melium to 2 ND
fine sand, trace silt, (SP-SM) Fi7r 09 p

5_ 7
SF 9 Sample taken: 001-SS-BO5-003

TD=6'

Completed at 10:45 AM
Grouted at 1:00 AM

10_

p
1 1;0 _



U C"pon BOREHOLE LOG

Project Nome: BOMARC - McGuire AFB, Phamsted Twp., N.J.

Project Numbeer: 86013-11 [BorehoLe Number: B06 Sheet 1 of

Borehote Location: BOMAC Missile Site Etevation and Datum: Land: 17

Drilling Agency: John Mathes Driller: MikeDillon Date started: 1015189 Date Finished: 10/5/89

Drilling Equipment: Diedrich D-50 Total 10.0Depth (feet):

DriLling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling FLuid: None
CaspLetion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

fuftDescription 4J 11 CL Remu

IOYR 6/8, brownish yellow, medium to fine sand, 1 6.66E-00 Started: 11:15
trace silt, roots, (SP-SM) 4 Fidler background: 60-90 cpm

8 Fidler: 2070 cpm (top 6" of spoon)
SP S

I YR 6/6, brownish yellow, medium to fine sand, 3 5D
trace silt, some roots, (SP-SM) 5 6 Fidler: 60-90 cpm6

SP 9 Sample taken: 001-SS-B06-002

10YR 8/4, very pale brown to 10YR 6/6, brownish 6
yellow, medium to fine sand, trace silt, motling, 8 Fidler: 60-90 cpm

_ partings of dark minerals, (SP-SM) 9
SP 14

IOYR 8/3, very pale brown with banding of 10YR 7
6/8, brownish yellow, medium to fine sand, trace 7idler: 60-90 cpm
clayey silt, mottling, (SP-SM) 9

SP 12

10YR 8/3, very pak brown, medium to fine sand, 6 KD
trace sit, metain, (SF-SM) 38 Fidler: 60-90 cpm

SP 12 Sample taken: 001-SS-B06-003

10
TD-10'

Completed at 11:30 AM
Grouted at 11:55 AM

I
Is2



timp CN 'o' o BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 jBorehote Number: B07 Sheet 1 of 1

Borehole Location: BOMARC Missile Site Elevation end Datum: Land: 174.70'

Drilling Agency: JohnlMathes Driller: MikeDillon Date started: 10/4/89 Date Finished: 10/4/89

Drilling Equipment: ]iediichD-50 Total 10.0
Depth (feet):

Drilling Method: Hollow Stern Auger Borehole Diameter (inches): 6

Drilling FLuid: None

Completion Informrtion: Logged By: Checked By:

Richard Bizub Phil Watts

SaIMPle

Description C o ' R r
40 oA

1OYR 5/8, yellowish brown, medium to fine sand, 2 1.08E+02 Started: 4:15 PM
trace silt, traco fine gravel, roots, (SP) 4 Fidler background: 60-80 cpm

"6 Fidler: 60-80 cpm
SP

IOYR 5/8, yellowish brown, medium to fine sand, 3
trace silt, trace fine gravel, (SP) 3 4 Fidler: 60-SO cpm

4

SP 6

10YR 6/8, brownish yellow to 7.5YR 6/6, reddish 6 ND
yellow, medium to fine sand, trace silt, mottling, 9 Fidler: 60-SO cpm

5 (SP-SM) I I
SP 15 Sample taken: 001-SS-B07-002

10YR 7/6, yellow to 10YR 6/8, brownish yellow, fine 7
sawd, trace silt, (SP-SM) 10 Fidler: 60-80 cpm

11
SP 12

10YR 8/2, white to 10YR 6/8, brownish yellow, 9
medium to fine sand, trace silt, mauling, partings 11 Fidler: 60-SO
of dark minerals, (SP-SM) 15pm

SP 21 Sample taken: 001-SS-B07-003

10_
TD= 10'

Completed at 5:00 PM

i
I_

_______________________________________- - ______ ,.___ _______________



4wM porm•t, BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 Borehote umber: B08 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 174.60'

DriLling Agency: John Mathes Driller: MikeDillon Date Started: 10/4/89 Date Finished: 10/4/89

Drilling Equipment: Diedrich D-S0 Total 10.0
Depth (feet):

Drilling Method: Hollow Stem Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

.• Description "j - Remarks

lOYR 5/6, yellowish brown, coarse to fine sand, 2 Started: 2:45 PM
trace silt, trace fine gravel, roots, (SP) 4 Fidler background: 60-SO cpm

4 Fidler: 120 cpm (top 6" of spoon)
SP 4

1OYR 5/8, yellowish brown, coarse-medium to fine 2
and, trace silt, trace fine gravel, (SP) 2 Fidler. 60-SO cpm

SP 1

10YR 8/3, very pale brown to 10YR 6/8, brown 3
yellow, medium to fine sand, trace silt, (SP-SM) 4Fidler: 1200-1400 epm (upper V of

5 47 spoon)
Sample taken: 001-SS-BOB-002
(center of spoon)

10YR 8/4, very pale brown to 10YR 6/8, brownish 8
yellow medium to fine sand, (SP-SM) 15 16 Fidler: 250 cpm (upper 4" of spoon)16

SP 16

10YR 6/8, brown yellow, medium to fine sand, trace 11
"silt, trace fine gravel, motling, laminations of 1
dark minerals, (SP-SM) 12 Fadler: 180cpm(upper4of'spoon)

SP 19 Sample taken: 001-SS-BOS-003
(center of spoon)

10_
TD= 10'

p
15_



415 CWporadoO BOREHOLE LOG

Project Mane: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 FBorehot Number: B09 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Lend: 174.20'

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/5/89 Date Finished: 10/5/89

Drilling Equipment: Diedrich D-50 Depth (feet):

Drilling Method: Hollow Sten Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

C s Description Remarks

10YR 7/8, to 10YR 8/8, yellow, medium to fine 3 Started: 9:45 AM
send, trace silt, roots, (SP-SM) 3 Fidler background: 60-90 cpm

4 Fidler: 60-90 cpm
SP 6

S10TY 6/6, brownish yellow, medium to fine sand, 4
tace silt, motting, (SP-SM) 6 8 Fidler: 60-90 cpm8

SP 8 Sample taken: 001-SS-309-002

10YR 8/2, white to 10YR 7/7, yellow, medium to 4
fine sand, trace silt, mottling, partings of dark 8 Fidler: 60-90 cpm

_ minerals, (SP-SM) .pa
SP 10 Sample taken: 001-SS-309-003

TD=6'

Completed at 10:00 AM

10

15



7h Eah eduso/ojyp - Cwpor BOREHOLE LOG

Project Name: BOMARC - McGuire AFD, Plumsted Twp., N.J.

Project Number: 86013-11 Borehole Number: B1O Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 171.1

Drilling Agency: John Mathes Driller: MikeDillon Date started: 10111189 nate Finished: 10111/89

Drilling Equipment: Diedrich D-50 Total 10.0Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

CL.W Description ar CL 4 RemarksJ 0 U
z

10YR 6/6 brownish yellow, coarse to fine sand, trace SP 3 Started: 1:55 AM
silt, trace, fins gravel, roots, (SP-SM) 19 Fidler background: 130 cpm

B Fidler: 3800 cpm (from Asphalt &
0.8'-1.1' asphalt and oil-soaked crushed stone Asphalt 15 ol zone)

10YR 7/6, yellow, medium to fine sand, little silt, 6
(SPASM)7

67 Fidler: 130 cpm
SP 7 Sample taken: 001-SS-BOIO-002

10YR 8/8, yellow, medium to fine sand, little silt 3
(SP-SM) 2

)2 Fidler: 130 cpm5- 2

SP 1
- same as above, little clayey silt (SP-SC)

10YR 8/3, very pale brown to 10YR 7/8 yellow 3
medium to fine sand, and silty clay, (SP-SC) a 17 Fidler: 130 cpm

17PP-3.0 tons/square ft
SP 16 PP-2.5 tons/square ft

10YR 8/2, white to 10YR 8/1, yellow, medium to 13
fine sand, little clayey silt, iron jaining 18 Fdler: 130 apm
(bands), (SP-SC) 21

SP 28 Sample taken: 001-SS-BOIO-003

10_
TD-10'

completed at 9:20 AM
gouted at 9:40 AM

15-



Wal bBOREHOLE LOG
Project Nme: BOMARC - McGuire AFB, Plumnsted Twp., N.J.

Project lumber: 86013-11 Borehote Number: B1l Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 17

Drilling Agency: John Mathes Drilter: MikeDillon Date Started: 10/11/89 Date Finished: 10111/89

Drilling Equipment: Diedrich D-SO Total 6.0
Depth (feet):

Drilling Method: Hollow Sten Auger Borehole Diameter Cinches): 6

Drilling Fluid: None

Caotetion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Sample

Description 4644 AiaRemarks

Asphalt Asphalt Started: 10:45 AM
- 10YR 7/8, yellow orse to fine sand, trace silt, SP 7 Fidler background: 130 cpm

T(SP-SM) 7e aphalt 15 Fidler: 540 cpm at asphalt zone

- 0.8" to 1.1', asphalt and oil-stained cnrshed stone 13
10YR 8/8, yellow, medium to fins sand, little silt, SP

mouling, iron stain-n (banding), (SP-SC) 10
_S 20 Fidler: 130 cpm

15 Sample taken: 00-SS-DOl 1-002

10YR 8/8, yellow, medium to fine sand, little silt, 5
(SP-SM) SP 5 Fidler: 130 cpm5_ 5

7.5YR 7/8, reddish yellow, medium to fine sand, SP 13 Sample taken: 001-SS-BOI 1-003
little silt, clay, (SP-SC)

TD=6'

Completed at 10:15 AM
Grouted at 10:30 AM

10_

S5



N C BOREHOLE LOG

Project Mas: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 Borehole Nu~er: B12 heet 1 of 1

Borehote Location: BOMARC Missile Site Elevation and Daton: Lnd: 1

Drilling Agency: John Mathes DriLLer: MikeDillon Date Started: 10/11189 Date Finished: 10/11189

Drilling Equipment: Diedri D-SO Total 10.0
Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Inforuatlon: Logged By: Checked By:

RicharA Bizub Phil Watts

Samples

Asphalt Asphalt Started: 1:00 PM
s2 Fidler background: 120 cpm

10YR 5/8, yellow brown, coerse-medium to fine SP12 Fidler: 1100 cpm (fom Asphalt&
Sad, trace silt 13 oil zone)

- 0.' to 1.1%' asphalt and oil-riined crushed stone S 13SP
10YR 5/2, grayish medium fine send
S1OYR 8/6, yellow, medium to fine send, little clayey 15

- tih, trace fine gravel, laminations of dark - 13
Sminerals, mouling, (SP-SC) _ 20

SP 23 Sample taken: 001-SS-BO12-002

7.SYR 618, reddish yellow, medium to fine send, 8
little silt, mottling, laminations of dark minerals, 11 Fidler: 120 cpm

5 (SP-SM) 23
SP 20

10YR 8/4, very pale brown to 7.5 YR 6/8, reddish 5
yellow medium to fine sand, some silty clay, 10 Fidler 120 cpm
motling, (SP-SC) 21

SP 20

10YR 8/4, very pale brown to 7.5 YR 6/8, reddish 10
yellow, medium to fine mind, trace clayey silt, 20 Fidl 120 cpm
moaling, (SP-SC) 27

SP 30 Sample taken: 001-SS-BO12-003

10_
TD-10'

completed at 1:45 PM

15_



GO Cmrporai BOREHOLE LOG

Project Name: BOMARC - McGuire AFB, Phunsted Twp., N.J.

Project Mumher: 86013-11 Borehole Nuber: B13 iSheet 1 of 1

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 24 -.30'

Drilling Agency: John MatheS Driller: MikeDillon Date Started: 10/10/89 Date Finished: 10/10/89
Drilling Equipment: Diedrich D-S0 Total 60

Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

Description 0f Q. as Remarks
-J 3 I-

Crushed stones Stone 17 Started: 1:30 AM
45 Fidler background: 110 cpm
19 Fidler: 110 cpm

1OYR 6/8, brownish yellow, coarse to fine sand, SW 16
trace silt, trace fine gravel, (SW-SM)

7.5YR 6/8, reddish yellow, coarse to fine sand, trace t0
clayey silt., trace fine gravel. (SW-SC) 10 Fidler: 110 cpm16 iarII m

SW 20 Sample taken: 001-SS-P013-002

7.5YR 6/8, reddish yellow, coarse to fine mand, little 9
clayey silt, (SW-SC) 10 Fidler: 110cpm

5 5
SW 13 Sample taken: 001-SS-BO13-003

"TD-6'
Completed at 2:00 PM
Grouted at 1:50 PM

10o

15.



B Te Earzh Tedkumolega50N BOREHOLE LOG

Project Nam: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 BorehoLe Nuber: B14 Sheet 1 of 1

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 1

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/10/89 Date Finished: 10/10/89

Drilling Equipment: Diedrich D-S0 Total 60
Depth (feet):

Drilling method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Sa les

J.i L
Q. Description a S • Remarks

10YR 6/8, brownish yellow, coarse medium-to-fine 1 Started: 2:10 PM
sand, trace silt, trace fine gravel, (SP-SM) 6 Fidler background: 110 cpm

19 Fidler: 110 cpm
SP 13

10YR 7/8 yellow, coarse-medium to fine sand, linel 7
silt, trace fine gravel, (SP-SSn 7

9 Fidler: 110 cpm
SP 9 Sample taen: 001-SS-BO14-002

10YR 7/8, yellow, coarse-medium to fine sand, trace 3
silt., trace fine gravel, (SP-SM) 3 Fidler: 110 cpm

S_ 1
SP 3 Sample taken: 001-SS-BO14-003

TD-6'

Completed at 2:30 PM

10_

15-



Jae 'w~or~oBOREHOLE LOG

. Project Name: BOMARC - McGuire AFE, Plumsted Twp., N.J.

Project Number: 86013-11 [Borehole Number: B15 sheet 1 of

Brehole Location: BOMARC Missile Site Elevation and Datum: Land: 172.0'

Drilling Agency: John Mathes Driller: MikeDilon Date Started: 10/10/89 Doate Finished: 10/10/89

Drilling Equipment: Diedcrich D-50 Total 60
Depth (feet):

Drilling Method: Hollow Stem Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

Description g t Remarks

10YR 6/8, brownish yellow, coarse-medium to fine 1 Started: 2:45 PM
sand, trace silt, trace fine gravel, roots, (SP-SM) 2 Fidler background: 110 cpm

3 Fidler: 110 cpm
SP 5

10YR 8/6, yellow, medium to fine sand, trace silt, 3
iron staining (bands), (SP-SM) 2 Fidler: 110cpm

4
SP 4 Sample taken: 001-SS-BOIS-002

10YR 8/2, white, medium to fine sand, little silt, 4
dark mineral banding, (SP-SM) 3 4 Fidler: 110 cpm

SP 4 Sample taken: 001-SS-BO15-003

TD-6'

Completed at 3:00 PM
Grouted at 3:1 l \I

10

S5



t 7he Lush Tedunoleg
~ BOREHOLE LOG. Project mama: BOMARC - McGuire AFl, Plumsted Twp., N.J.

Project Number: 86013-11 Borehole Nwber: B16 Sheet of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 171.20

Dritling Agency: John Mathes DriLler: MikeDillon Date Started: 10/10/89 Date Finished: 10/10/89

Dritting Equipment: DiedriCh D-50 Tota t 10.0Depth (feet):

Drilling Method: HoUow Stem Auger Borehote Diameter (inches):

Drilling FLuid: None

CompLetion Information: Logged By: Chocked By:

Richard Bizub Phil Watts

Sample

L Description 43 0 CL. ae V

Asphalt, concrete Asphalt Started: 4:10 PM
- Fidler background: 100-120 cpm

Fidler: 100-120 cpm
7 Sample taken: 001-SS-BO16-001

- 10YR 6/8, brownish yellow, coarse to fine sand, - SP 15
trace clayey silt, trace fine gravel, (Sr-SC)

10YR 8/6, yellow to 10YR 6/8, brownish yellow, 5
medium to fine sand, trace clayey sib, trace fine - 10 Fidler: 100-120 cpmv gravel, (SP-SC) 9 der10-2 p

SP 8 Sample taken: 001-SS-BO16-002

"4'.-" 7.5YT 6/8, coarse to fine sand, some clayey 4
sat, (SW-SC) SW 3 Fidler: 100-120 cpm

10Y A/3, very pale yellow medium to fine sand, SP 7
- trace silt, (SP-SM)

10Y 8/2, white, medium to fine sand, little clayey 3sit,(SP-SC) 7
Fidler: 100-120 cpm. 9

SP 14

M5T 7/8, reddish yellow iron banding Iron stone*

10YR 7/1, light gray medium to fine sand, liUle 10
clayey silt, iron maining (bands), (SP-SC) 19

16 Fadler: 100-120 pm
SP 20 Sample taken: 001-SS-B010-003

10_
TD- 10'

completed at 4:45 PM
"grouted at 5:00 PM

15-



N c.,7 n BOREHOLE LOG

. Project Nmine: BOMARC - McGuire AFB, Phwnsted Twp., N.J.

Project Ntumer: 86013-11 [Borehole Number: B17 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 170.60'

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/11/89 Date Finished: 10/111/89
Drilling Equipment: Diedrich D-SO Total 6.0

Depth (feet):

Drilling Method: Hollow Stem Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

L LCL Description I L o Remarks

Asphalt Asphalt Started: 2:00 PM
3 Fidler background: 120 cpm

6 Fidler: 2300 cpm (top .6' of spoon)
IOYR 6/8, brownish yellow, coarse to fine sand, 5

little silt, clay, moaling, (SP-SC) SP

SYR 6/8, reddish yellow, medium to fine sand, some 9
silty clay, moulin, (SP-SC) 8

12 Fadler: 120 cm
SP 13 Sample taken: 001-D5-O17-002

7.SYR 6/2, reddish yellow to 10YR 8/3, very pale 7
yellow, coarse to fine sand, trace silt, trace fine 9 Fidler: 120 cpm

5 gravel, ($W-SM) 13
SW 20 Sample taken: 001-SS-BO17-003

"TD-6'
Completed at 2:20 PM
Grouted at 2:35 PM

10_

IS_



o BOREHOLE LOGOProject ram: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Nuider: 86013-11 Borehote Number: B18 Sheet 1 of 1Fen Land: 170.20'
Borehole Location: BOMARC Missile Site Elevation and Datum:

Drillineg Agency: John Mathes DrilLer: Mike Dillon Date Started: 10/12/89 Date Finished: 10112189
Drilling Eqipment: DiedrichTD-S0 Total 60
Drilling __Equipment:_DiedrichD-50_Depth (feet):

Drilling Method: Hollow Stan Auger Borehote Diameter (inches): 6

Drilling Fluid: None
Coupletion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

C Description 1 9 V) " RemarksJ a
Asphalt Asphalt Started: 9:45 AM

SP 9 Fidler background: 100-120 cpm
10YR 6/8, brownish yellow, medium to fine Send, 12 Fidler: 100-120 cpm

little silt (SP-SM) 8
10YR 7/8, yellow, coarse to fine sand, trace silt, SW

trace fine gravel (tip of spoon), (SW-SM)
8

7.5YR 716, reddish yellow, coarne-medium to fine 6 Fidler: 100-120 cpm
sand, trace silt, trace fine gravel (SP-SM)D 6

SP 14 Sample taken: 001-SS-BO1S-002

8
10 Fidler: 100-120 cpm

5_ 7.5YR 6/8, reddish yellow, medium to fine sand, 12
little cISyCy silt, mottling, (SP-SC) SP 13 Sample taken: 001-SS-BOi8-003

Tip of spoon wet (saturated)
TD-6'

Completed at 10:10 PM
Grouted at 10:20 PM

10_

15_



U BOREHOLE LOG

O Project mame: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Number: 86013-11 BorehoLe Number: B19 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 175.20'

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/12/89 Date Finished: 10/12/89

Drilling Equipment: Diedrich D-50 Total tDepth (feet): .

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

Description Remarks

Asphalt Asphalt Started: 9:45 AM
Gravl 7Fidler backqground: 120 cpm

Oil-sained coarse to fine sand trace silt, trace fine Gravel 7 Fidler: 120 cp m
10Fder12cmgravel 28

- 10YR 8/8, yellow, medium to fine sand, trace silt, SP
(SP-SM)

10yr 6/S, brownish yellow, medium to fine sand, 9
little silt, (SP-SM) iS

H 24 Fidler: 120 cpm
SP 23 Sample taken: 001-SS-BO19-002

10YR 7/1, light gray to 10YR 7/8, yellow, 9
coarse-medium to fine sand, litle clayey silt, 14 Fidler: 120 cpm

5_ trace fine gravel, (SP-SC) 19
SP 16 Sample taken: 001-SS-BO19-003

TD-6'

Completed at 10:50 AM
Grouted at 11:00 AM

10_

15_



wa BOREHOLE LOG

.Project rsme: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Munabr: 86013-11 Borehole Number: B20 Sheet 1 of 1

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 1

DriLling Agency: John Mathes Driller: MikeDillon Date started: 10/12/89 Date Finished: 10/12/89

Drilling Equipment: Diedrich D-S0 Total 6.0Depth (feet):

Drilling Method: Hollow Sten Auger Borehole Diameter Cinches).: 6

Drilling Fluid: Nort

Completion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

1 a Remarks

0'-.8' 10YR 5/2, grayish brown, medium to fine 2 Started: 3:30 PM
sand, trace silt 3 Fidler background: 100 cpm

10YR 5/8, yellowish brown, medium to fine mand, 3 Fidler: 100 cpm
trace silt, trace fine gravel SP 6

5YR 6/8 reddish yellow, coarse to fine sand, tittle 10
silty clay, (SP-SC) 10

12SFidler:
SP 12 Sampile taken: 001-SS-B020-002

5YR 6/8, reddish yellow, coare to fine sand, little 10
silty clay, (SP-SQ 13 Fidler: 100 cpm

5- _24
SP 1i Sample taken: 001-SS-BO20-003

TD-6'

Completed at 3:55 PM
Grouted at 4:05 PM

10-

15I



The Earth Tedwrokeg

"' BOREHOLE LOG
Project *am: BOMARC - McGuire AFB, Plwmsted Twp., N.J.

Project Mauber: 86013-11 Borehole Nu•er: B21 Sheet of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land:

Drilling Agency: John Mathes Driller: MikeDillon Date Started: 10/12/89 Date Finished: 10/12/89
Drilling Equipment: Diedrich D-SO Total 6.0

Depth (feet):

Drilling Method: Hollow Steun Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Comptetion Information: Logged By: Checved By:

Richard Bizub Phil Watts

Samples

CL Description a, am 0 Remarks

10YR 6/3, brownish yellow, modium to fine sand, 3 Starned: 4:15 PM
lwe silt, (SP-SM) 4 Fidler backlgound: 100 cpm

5 Fidler: 100 cpm

SP A

10YR 6/8, brownish yellow, couse to fine sand, 4
little ailt, (SP-SM) 4 Fidler: 100 4pm

"6
SP 8 Sample taken: 001-SS-B021-002

10YR 618, brownish yellow, coarse to fuen sand. 8
little ajit, (SP-SM) 10 Fidler: 100 cpm

5- 11
SP 14 Sample taken: 001-SS-8021-003

TD-6"

Completed at 4:30 PM

10_

S

15_



ff 71 Em,%h TedmaeIoCpor-0e BOREHOLE LOG

. Project um: BOMARC - ]Mhc~ re AFB, Plumsted Twp., N.J.

Project NmLuer: 86013-11 Borehole Nuater: B.. Sheet 1 of I

Iorehole Location: DOMARC Missile Site Elevation and Datum: Land:

Drilling Agency: John MAJthes Driller: MfikeDillon Date Started: 10/12189 Date Finished: 10/12/89

Dr ti .I ng Elui nnt DieM~Ch ]ID-50 Total 6.0Depth (feet):

Drilling Method: Hollow Stem Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Coepletion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Sample

Description Remar\

10YR 4/2, dark gryish brown, coars to fine sand, 7 Started: 4:20 PM
some clayey it, trace fine gravel, (SP-SC) 8 Fidler background: 100 cpm

SP 9 Fidler: 100 cpm
11

7.5YR 6/8, reddish yellow, coarse to fine send, little SP
clayey silt, (SP-SC) 7

7.MTh 6/8, reddish yellow, medium to fine send, 10 Fidler: 100 cpm
linte clayey silt, (SP-SC) 11

SP 12 Sample taken: 001-SS-BO22-002

10YR 7/8, yellow, coarne to fine send, little silt. 1I
trace fine gravel, (SW-SM) 9SW ~ ~ ~ 0 FJidler: 1030 cprn-502-05_ - 10

SW 9 Saumpie taken: 001-SS-BO22-003

TD-6'

Completed at 5:00 PM
Grouted at 5:05 PM

10_

15_



The Effth Tedmeiay BOREHOLE LOG

.Projer t ame: BOMARC - McGuire AnB, Plumsted Twp., N.J.

Project Nuter: 86013-11 Borehoote umber: B23 sheet -1 of

lorehole Location: BOMARC Missile Site Elevation and Datum: Land: 157.90'
Drilling Agency: John Mathes Drilter: M&keDillon Date Started: 10/12/89 Date Finished: 10/12/89

Drilling Equipment: DiedrichD-50 Total 60
Depth (feet):

Drilling Method: Hollow Stan Auger Borehole Diameter (inches): 6

Drilling Fluid: None

Coletion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples

Desctiption J LjRemarks
10YR 6/3, pale brown, coarn to fine send , trace 2 Started 5:03 PM
silt, rat, (SP-SM) 2 Fidler background: 100 cpm

SP 2 Fidler: 100 cpm
2

7.5YR 5/6, brown, fine sand, lite silt, (SP-SM) SP
7.5YR, reddish yellow, medium to fine send, little 5

"sil, (SP-SM) -Fdlr: 100 cpm
6

SP 7 Sample taken: 001-SS-BO23-002

7.5YR 7/8, reddish yellow, medium to fine sand, 6
- lite st (SP-S0 7 Fidler: 100 cpm5_ 10

SP 13 Sample taken: 001-SS-BO23-003

TD-6'

Completed at 5:15 PM

10_

IS_



Wf M7 Evsh Tedwologyf BOREHOLE LOG
Project Name: BO1MARC - McGuire AFB, Plwusted Twp., N.J.

Project Number: 86013-11 Borehole Number: B24 Sheet 1 of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land:

Drilling Agency: John Mith Driller: MikeDillon onte Started: 10/12/89 Date Finished: 10/12/89

Drilling Equipment: Died ich .D-50 Total 6.0Depth (feet): *

DrilLing method: Hollow Sten Auger Borehole Diameter (inches): 6

Drilling Fluid: None
CompLetion Information: Logged By: Checked By:

Richard Bizub Phil Watts

Samples ___

r• I

Description 1.0 V30 Remarks

10YR 5/2, grayish brown, coarse to fine sand, trace 2 Started: 5:30 PM
silt. trsce fine gravel, roots, (SP-SM) 3 Fidler background: 100 cpm

SP 2 Fidler: 100 cpm
I

10YR 5/2, grayish brown, medium to fine sand, SP
(SP-SM) 3S 7.5YR 6/8, reddish yellow, medium to fine sand, 2
lite silt, (SP-SM) 2

SP 3 Sample taken: 001-SS-B024-002

2.5YR 5/6, red, medium to fine sand, little clayey 4

4ilt, (SP-SC) 5 Fidler: 100 cpm

SP 5 Sample taken: 001-SS-B024-003

TD-6'

Completed at 5:45 PM

10_

15_



C70e Eak Theduology

BOREHOLE LOG.Project Nam: BOMARC - McGuire AFB, Plumsted Twp., N.J.

Project Numer: 86013-11 1Borehole Number: B25 Sheot of

Borehole Location: BOMARC Missile Site Elevation and Datum: Land: 147.50'

DriLLing Agency: John Mathes :Driller: MikeDillon Date Started: 10/16/89 Date Finished: 10/16/89

Drilling Equipment: Diedrch D-50 Total (feet): 6.0

Drilling Method: Hollow Stem Auger Borehole Diameter (inches): 6

Drilling Fluid: None
Completion Information: Logged By: Checked By:

Phil Watts Phil Watts

Samples

Description CL J Remarks

0-l' Black organic material SW 3
1'-3* 10YR 6/4, coarse sand to fine sand, (SW) 2 Fidler background: 200 cpm
10YR 4/1, fine-medium sand, little silt, trace clay, SM 2 Fidler: 200 cpm

(SM) 3
10YR 6/8, fine sand, little silt, small gravel, (SW) SW

10YR 6/8, fine to medium sand, little silt with 3
rounded quatz gravel (up to 0.5%), (SW) 2 Fidler: 200 cpm

3
SW 4 Sample taken: 001-SS-B025-002

3.0' to 3.5' 10YR 7/6, fine to medium sand, trace to 4
no lines 4Fidler: 200 cpm

5_ 3.5' to 6.0' 7.SYR 6/8, fine to very fine sand with • 6
silt and clay SM 9 Sample taken: 001-SS-BO25-003

TD-6'

Completed at 10:30 PM

10_

15_



Nw- aamio BOREHOLE LOG

Project Name: BOMLARC - McGuire AFtB, Plumsted Twp., N.J.

Project Number: 86013-11 Borehole Number: B26 Shoet 1 of

Borehote Location: BOMARC Missile Site Elevation and Datum: Land: 139.50'

Drittfllg Agency: John Mathes Iritter: MikeDillon Dote Started: 10/16/89 Date Finished: 10/16/89

Drilling Equipment: Diedrich D-50 Total 6.0
Depth (feet):

Drilling method: Hollow Stae Auger Borehole Diameter (inches): 6

DriLting Fluid: None

Coempletion Information: Logged By: Checked By:

Phil Watts Phil Watts

Samples

a4 Deschiption CMRemarks

0-3' Black fine-medium sand, organic rich, (SP) SP 1
3-9" 10YR 6/2, fine-medium sand, omganics, (SP) SP 3 Fidler background: 100 cpm

2 Fidler: 100 cpm
9-24* 10YR 6/8, fine-medium sand, little silt, trace 2

"smal gravel, rounded quart grains, (SM-SP) SM

2.0-4.0' 10YR 8/6, fine-medium sand, trace small 2
rounded quant gravel, iron maining (banding), 4
(SP) 6 Fidler: 100 cpm

SP 7 Sample taken: 001-SS-BO26-002

4.0-6.0' 10YR 7/$, fine to corste snd, trace small 4
rounded quatz gravel, (SW) 6 Fidler: 100 cpm

SW 10 Sample taken: 001-SS-BO26-003

TD-6'

Completed at 11:30 PM

10-

p-
I-



APPENDIX D

RAW FIELD DATA

BASELINE AIR SAMPLING DATA
WELL PURGING AND SAMPLING DATA

FIELD DATA FROM SURFACE WATER SAMPLES



Baseline Air Sampling Data



T S P DATA S UMMAR Y/C A LC ULAT I1O0 S

ID OIotene Filter No. _ __.____Sampler ID

Part A. Field Data (Vol. of air sampled)

Project No. BoMQnR . Date, on 1/8Y1_ off (,15111

Site. HEG-ire QF8 Location - Recorded by: MIS

Smpler Time Flow Readinys -emp. B.P. Comments

Ti,!fll k -alibrater_ Dickaon Fiti• d i• l r n. N-21 C0i14 C i,, F in . fig .. I_ __._ _ _

stop )I54'i . f / 3 " .o . 251.5 ,V 14o7 (f, 1S'l')

Start O3,C 0 7.3 Hi '7 O 4Q 2i.40O (00_1_2___.5_ ___o_"_.

fotal, hr Z.• . ,•h,- • -,i ._ _ z1 I .. ,,, f .,,

Avg. ____7.8 41 45 -70 2q-&

Weathe, Conditions . D ringSammling
Wind Visibility Sky Humidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop

V/.DirectionL -Y Clear Clear __ __ Dry <- < 20

Calm - - Hazy Z-.7 atoered _Moderatez__ V 21-40

V Light 3. -,Fog - OvercastZ __Humid ._. 41-60
Gusty _ Precip. 61-8o y

• __ '81

Unusual activities near site,(if any): Io r,

Part B. Filter Data (Mass)

Weight, g Date Recorded by:

Final

Tare r.e234 _ MA\Y 2 5 1989
Net

Part C. TSP Calculations:

14 TSP conc. (pg/M 3 ) = Mass ; Volume of air sampled
1 = Net weight + Cubio Meters/min (CI-.14) x T

14

0

- pg +( _ __)x( ___

,.14.4

Performed by: Checked by:
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TSP D A.T. A SU KAR Y/CALCUL ATIO1 S

QIBatelne Filter No. P7 I2 Sampler ID _

Part A. Field Data (Vol. of air sampled)

Project No., ESOHARI . Date, on (l0____ of f 0,0__, _ _._

Site- Mc. GtA;y-r flF - Location 2. Recorded by: He>5

Sampler Time Flow Readinps em_. B.P. Comments
TIVtIAck 11'ul. _ aIlbrstar - Dckson fi

Ttft!Alck F!LiluV., . Dl1 F in. Hg caTI3Fa?[.

Stop 0120 14 h O;7 4 5.' 43ZiA. 07!O ( h/t-l')
Start O0O06 0 4.3 53 so (00 'l.• so 5 (09 /'ileI')

,rotal,hr 4i,:.. lqft,_____________

Avg. _ _ _ _ V.0 q'It;' ft. I_ _ _ 146_ _ __ _ __ __s

Weather Conditions During Samplinz: _
Wind Visibility Sky lHumidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop
WA DirectionL / Clear _- -Clear -__ Dry - < 20
__ Calm Z_ Hazy _ý "Siattered- LModerate_ _ 21-L0 -4

* . Light - Fog - _Overcastv ._._Humid vi V 1i-6, 1
Gusty Precip. 61-80

z- 81

Unusual activities near site,(if any): H/NIA ,- -- t,-,•,.

Part B. Filter Data (Mass)
Weight, F Date Recorded by:

Final
Tare q. s'Sro MAY 2 5 1•89
Net

Part C. TSP Calculations:

TSP conc. (pg/M3 ) = Mass ; Volume of air sampled
= Net weight 4 Cubio Meters/min (CfU41) x T

m

SI,

0* .•JPerformed by: Checked by:
rl
4)
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T S P DATA S UMMAR Y/C A LC U LA T IO11 S

OulaleFilter No. 096363 Sampler ID 10

Part A. Field Data (Vol. of air sampled)

Project No. 9 AhLRL . Date, on L__N______ off 0/_48__

Site- M,: R;v'v -F - Location, 3 Recorded by: P1L

Sampler Time Flow Readins i m B. P. Comments
_ Titt!Aick tfiAptif,. Calibr tor Dickoo

Stop 0 31o 27h,_4... _f 2_ q_ _5 _. 63 0715, )

Start 0___ $Ka 48 G Zito 01.

rotal h ilk, 32 .w. 17hI.. ' .'_____ _ ____________

Weather Conditions During Samplin g
Wind Visibility Sky Hlumidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop

j&_Direction " Clear _ _ Clear - Dry ____ < 20

Calm / Hazy z" v/Sjattered LModerate_ 21-4.O
S.. .. cl ouds - --

.•/ Light - *Fog - Ove.rcast... -Humid . V 1i-60 V
Gusty_ Precip. -- 61-8o

__ >81 _

Unusual activities near site,(if any): NJ , A

Part B. Filter Data (Wass)

Weight, g Date Recorded by:

Final

Tare 4 .I1-W wAT2 5 1989

Net

Part C. TSP Calculations:

TSP conc. (Pg/M3 ) = Mass i Volume of air sampled
* = Net weight 4 Cubio Meters/min (CI.U-1) x Tmin
N

0
oo =.... g +( )x(

0

Performed by: Checked by:

.4 1
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T SP DATA S U MMAR Y /C A LC U LA T I 0 IS

OQaneue Filter No. 0196,564 Sampler ID'

Part A. Field Data (Vol. of air sampled)

Project No. A014nRC Date, on Qhl/il off -Y____I

Site- , Fb Location .LRecorded by: HiB

Sampler Time Flow Readings emp. B.P. Comments
T lCalIbrato.r Olckson

__________ t&:!t!Al I~m . - Dt k F in.ig cl.I[.

Start 1H;,•, 0 s.25 35" 5o 80 24.-I i,;7,

Togtalhr 1 ' __.._ ',_5

Weather Conditions Du ring Sampling:-
Wind Visibility . Sky Humidity Temp., F

Start stop Start stop Start stop Start stop Start Stop

SDirectionL Clear - Clea___ rry - __ r 20
__ Calm Hazy ,". y Sjat~ered _" Moderate___ 21-40._v Light vL/ - og - __Overcast V ___lumid_ ___ l-60

Gusty_ - Precip. v-. 61-80 v

I - 81

Unusual activities near site,(if any): t-4 1 .)&:,kt v.': t.. "t.•.

Part B. Filter Data (Mass)

Weight, g Date Recorded by:

Final

Tare vir.eqT.MA•25 3J9 W) -- 0

I- e t

Part C. TSP Calculationso

TSP conc. (pg/M 3 ) - Mass ; Volume of air samvled
= Hot weight 4 Cubio Meters/min (COr11) x Tmin

"0
a ;Ug + ____x(_ __S.,

I., I•,

0. A sPerformed by: Checked by:
C1
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T S P D A T A- S U M M A R Y /C A L C U L A T I 0 11 S

OBaeleFilter No. 0 6,i65 Sampler ID 10

Part A. Field Data (Vol. of air sampled)

Project No.. &Azt," .... Date, on _ /___ off __i/718_9

Site- MC€-i,-• tF6Z Location - Recorded by: Hf/A

Sampler Time Flow Readins Temp. B.P. Comments
Til, fAIck tHfA31f.ar -; .b str i- ck, n -F in. lig .. i3l.tf..,

Stop 093 14h 6c.~ A 4j '5 £471 -10 14. Y 0910 ('16/I/sc?
Start 074Lo a A04 -,Y 6' 1~ 29.V3 07t5 ;159
,ro tal 5hr * - ____ _ _ __ _ _ _ _ _ _ _ _ _ _ _

Avg. ________ 5 i c? 2.$ __________ _

Weather Conditions During Samplin,:
Wind Visibility Sky Humidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop

F_ Directionf __ Clear __ -Clear ___ Dry _ __ < 20
V" Calm __ Hazy V _ Scattered Moderate 21-40

.clouds
- Light Ix tFog "/Overcast-Z Z/Humid 41-60
_ Gusty__ Precip. v 61- 8 0 -o

__ '81
Unusual activities near site,(if any): t14.u. +', .- "

Part B. FAter Data (Mass)

Weight, g Date Recorded by:
Final

Tare __ 0_1 may ____________
Neto

Part C. TSP Calculations:

STSP conc. (p/ ) = Mass 4 Volume of air sampled*= Net weight + Cubic Meters/min (CrU-1) x TSrain
0 P 9 +__.____._-_(_ x_ )

r-4 .JI
"0,

a Performed by: Checked by:V X•
U0
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DATE________

SITE . .. .
PM 1 1- I O V w.A



T S P DATA S U MM AR Y/C A LC U LA T I 0 11 s

COsanele Filter No. O-5__ _ __ Sampler ID
4-4 -.

Part A. Field Data (Vol. of air sampled)

Project No. &.MARC Date, on -L.L1L. off /

Site- P.tr .- FA- Location I_ -Recorded by:,..t...

Sampler Time Flow Reading~s Temp. B.P. Comments
;aIP staro Dickson 1

______Tiitfiltek tHIA:'a:h -I a 2 V K F in. Hg .i.?e

top 1010 Z . 67.3 0 3 '46-5 1~ '14

Start OI.O 0 . H, '3 ,- . , .. it;____L______4_Y"__

ro tai hr 2Lh, in.ow 2L k. -ft... -

Avg* _ _ _ 6.1___ (e l ý £ -3 L(3  4 F _ _ _ _ _ _ _ _ _ _ _ _ _ _

Weather Conditions During Samplin_
Wind Visibility Sky Humidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop

__Direction __ Clear __ Clear __ Dry _ < 20
./ Calm . __Hazy " _Siattered Moderate _ 21-40-- ~ --- couds -- C6 -

- Light - ,Fog -LOvercast V ' jHumid ,O'41-60
- Gusty Precip. /" /_ 61-80 V/

- =81

Unusual activities near site,(if any): H .-. '. . . .. "

io 0:% , I-. 4 F - (L171cl'i
Part B. Filter Data (Mass)

Weight, g Date Recorded by:

Final

Tare 4. 1445• MiA,. 2 5 1989 ___

Net

Part C. TSP Calculations:

STSP conc. (Pg/M) = Mass 4 Volume of air sampled
0 = Net weight 4 Cubic Meters/min (C.114) x Tmi

54o0 = _._ g+ + ( )_ _ ____)

I, - -,P +I

a•., U.+0

Performed by: __ Checked by:--

.1C
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T S P_ D A T A S U H H A R Y /C A L C U L A T I 0.11- S

O ,.anee Filter No. 096567 Sampler ID _I

Part A. Field Data (Vol. of air sampled)

Project No. &o!MIRC. Date, on b/4/iA off 4h/1'q7

Site- Mc&•'vy AFA Location I Recorded by: it

Sampler Time Flow Readings Temp. B.P. Comments
TlI ._ 1brstor_ ODLckson

_______
7AtA~ ri~8~, ni. U21 CINN CHN F inl. fig c.!ijj&.f..,

Stop I030 ' 1 0,.;.4 1.-1 50 13' -3 7o 1l, '.5 1033 (c4I/R)
Start Os0o 0 7.1 4,9 .33 67x'7 xq. a-. Oc3, ( /4/?q)

,ro tal hr ~____ _ _ _ _ _ _ _ _ _ _ _ _

Avg. 1__ _ ___0_ (214 21 '- 141 _ __ _ _ __ _ _ __

_ Weather Conditions During Sampling
Wind Visibility Sky Humidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop

E Direction- __ Clear __ Clear Dry - __ < 20
Calm __ Hazy V" Scattered v_ Moderate 21-40S.... ~~clouds - --

_e_ Light L Fog - _kO'ercast_ V ___Humid ___ 41-6o0
- Gusty_ Precip. V _61-80 v,

Unusual activities near site,(if any): •,• ...

J.41•S-9 l
Part B. FAlter Data (Mass)

Weight, g Date Recorded by:

Final

Tare 14.095- MAY?25S 8 19%________________
14e t

Part C. TSP Calculations:

TSP conc. (pg/MH) a Mass 4 Volume of air sampled* = Net weight 4 Cubic Meters/min (C14U.) x T
4 rain

0

0

Performed by: Checked by:_
0

4 J

4 J



4..

wasJ

-3/v~if

ON 1
,lab



DATE 8

PM-0ID

*ýC)F



T S P D A T A S U14 -MA R Y/ C A L C U L A T I O n S

Oa•te Filter No. 8 Sampler ID to

Part A. Field Data (Vol. of air sampled)
Project No. higOHi)RC Date, on __7__-_ off __/9_____

Site- 04;-*,iYc. 17F1% Location 1;d Recorded by:. Mf

Sampler Time Flow Readings ep B.P. Comments
. 82a Oult, ODAoN F in. lig o..:laI[

Stop - i L.2 AiK!., .i.. -j j 8, a.2'i, Ii 104
Start IOO0W 0 1.' ~ ~ '.b' OIC

rotal ,,hr 1 h, '-." - -

Avg. ______ __ _ _ *A.~ 7 7,G 2,1 11 _ _ _ _ __ _ _ _ _ _ _

Weather Conditions During Sampling:
Wind Visibility Sky Hlumidity Temp., F

Start Step Start Stop Start Stoa Start Stop Start Stop

.LDirectior& _- Clear _ Clear ___ Dry _- I - < 20
Calm V" Hazy - Siattered Moderate.Z 21-110S.. .. . clc ouds - --

Y._ Light _ - ,Fog - /Ovircast..L __Humid __It41-60
Gusty___ /Precip. L61-80

_ >81

Unusual activities near site,(if any): S,-.•t .. I,

Part B. Filter Da'ta (Mass)
Weight, • Date Recorded by:

Final
Tare . OteI& MAY 2 5 1989 _ _ _ __ _ _

let

Part C. TSP Calculations:

94 TSP conc. (.g/M3 ) = Mass 4 Volume of air sampled
0 = Net weight 4 Cubio Meters/min (CM14) x T
"4

p~g +( __ _ _x(_ __

a =
0
'-44

a Performed by: Checked by:
rU
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T SP D AT A SU 4MARY/CALCU-L'ATi OIIS

Qoaene Filter No. 9 6569 Sampler ID_

Part A. Field Data (Vol. of air sampled)

Project No. oMt&(. Date, on - bl'19- off gaI4S',

Site_ 1*.'. .N6 Location -Recorded by: HL_

Sampler Time Flow Readings Temp. B.P. Comments
__________ ~~In K2!A J ¶ O ul~t~ CMLr t a i k e F i n . 11g a 1 .t .

Stop GIjSe-iCO ~ * t ~j~ qr; e.'

Start 1010 7.{ ' qL.A -Z -7, 2. t I
rotal,hr P,' :"/ / / •"

Weather Conditions Durnl Samplins:
Wind Visibility Sky Humidity Temp., F

Start Stop Start stop Start Stop Start Stop Start Stop

.L.Direction'Al Clear __ Clear -- - Dry _ -- < 20
Calm H L azy Scattered _-Moderate- ,- 21-4O

clouds
* " Light -3L -*Fog _-../Ovei'cast./ __Humid 41__ 4-60

- Gusty__ ePrecip. 61-80
_•81

Unusual activities near site,(if any): S_,Hi , I.

Part B. Filter'bata (Mass) L.s", .....- j,,.,. ,

Weight-, g Date Recorded by:

"Final

Tare 4. 0 9 i AAV ? c;

lie t

Part C. TSP Calculations,

TSP conc. (jug/M') = Mass 4 Volume of air sampled
* = Net weight 4 Cubio Meters/min (CW-4-) x Tmin

14

0o -g +( _x)
0

0

Performed by:_ Checked by:
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TSP DATA SUMMARY/CA LCU LATIO,1S

n. Ceallanc Filter No. 0% 8570 Sampler ID '1

Part A. Field Data (Vol. of air sampled)

Project No. (,C3IIC. Date, on &I;t-- off 0,06_____

Site- nFf'S Location I Recorded by: mL b

Sampler Time Flow Readings Temp. B.P. Comments
___bst~ _ Dickson.. t .clkato, ,Co F in. fig .alhrd[0 .

Stop I50 .3-. 7.11Z t o $Z 2-1. 'i3 ,J (O/fis-j )
Start Io,5 0 e.-4 S 2o 311 70 2q.*: I•.4 (./7/.-y)

,ro t a 1 hr Z'I. 3 Z' i,6 '_ _ _ _ _ _ _ _ _ _ _ _ _

^vg. _._ 17_1 1 32. 7(., oi

Weather Conditions During Sampling:
Wind Visibility Sky Humidity Temp., F

Start Stop Start Stop r Stop Start Slap Start Stop

"--Direction/ __ Clear _!_ Clear __ - Dry - < < 20
Calm __ Hazy - Scattered -Moderate v' 21-40

clouds
.Z Light V "Fog - LOv-ercastvZ __Humid 4__ '1-60
- (Gusty__ " /Precip. / 61-80

Unusual activities near site,(if any): . Ji - . ,•,.

Part B. Filter Da'ta (Mass)

Weight, g Date Recorded by:

Final

Tare 4.01_4_ MAY 2 r- 199
Ilet

Part C. TSP Calculations:

94 TSP conc. (pg/M3 ) = Mass 4 Volume of air sampled
10 = Net weight 4 Cubio Meters/min (C1i24) x Tin
14
0 -= g +-( )x(

541

0
F-44

Performed by: Checked by:
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T SP D A TA S UM HAR Y/C A L C UL AT 1O 1S

OBafelFilter No. 0,_6571 Sampler ID IO

Part A. Field Data (Vol. of air sampled)

Project No. -6,HAC Date, on k--hq off _____

Site HMGC41r. PIFE Location - Recorded by: •

Sampler Time Flow Readin&s- emp. B.P. Comments
TI,!tIAlck ! .... star Dicks F in. Hg ,IiJTrs1.,t *LIVnt hti-s r -i..121, M• - cm n E •[1r[o

Stop Itq5'IS ;.; r .b 6.S .AG SO 7C 2q.b'9 IYi (.•-!Z c&)

Start O O (.. f $ . . (!/•/)

Avg. ____ ___ ~2.. 9

Weather Conditions During SaMDlinm:
Wind .Visibility- Sky , Humidity Temp., F

Start Stop Start Step Start stop Start Stop Start Step

_.DirectionA V' Clear _ __ Clear _ Dry < -- < 20
j" Calm Hazy r" Scattered _ Moderate 21-4o

clouds
-_ Light _Z _ *'Fog _ ._LOvercast.Z __Humid "__ 41-60

- Gusty_ Precip...___ 61-80 v/

Unusual activities near site,(if any): L[•VI ... 4,r,. :+ *',

Part B. Filter Dyata (Mass)

Weight, _g Date Recorded by:
Final

Net . . . ..

Part C. TSP Calculations:

TSP conc. (pg/M3 ) = Mass 4 Volume of air sampled
ED= Net weight 4 Cubic Meters/min (CI-I) x T= rain

o = - Jug +( _ ,x _

ED a

Performed by: Checked by:
C



a

4.A

8,41



0

DATE____________

PM-1O ID 10

. - TENo. 945*i

*1i

0~*



-. ,. . ., -. ,P .- . . ... :.. - . :.', . -. .:. , / .

T SP DATA S UMMARY/CA LC U LA T I O| S

OBanee Filter No. Sampler ID 9

Part A. Field Data (Vol. of air sampled)
Project No.- !,APC., Date, on G/Oi-I' off _ 09__5q

Site-- AF6 Location -Recorded by: li•.

Sampler Time Flow Readings emp. B.P. Comments"TIV"Itic tJmPIm., a,,!,, Dickso
-In.. _k• C M- Du." F in. Hg ..c!,i,.•.

stop 11.5" I1zsS0-41.1 10 :'6.5 4 i3 70 2. e Ii'* &.!•/1r)
tart 1235- 0 4.5 q 4 ;q 8Z I 2,13 : i.

vg.

Weather Conditions During SamvlinR:
Wind, Visibility Sky Humidity Temp., F

Start Stop Start Stop Start Stop Start Stop Start Stop
"J Direction Z' Clear -__ Clear , - Dry <- -- < 20

Calm Hazy _ Sjattered- LModerate_ 21-40-
-- -- cl oud s ..

* V' Light _/ -- Fog - /__Ovt-rcast.L/ __Humid__ 41-60
- Gusty__ Precip./ __ 61-80 v

._. 81 _

Unusual activities near site,(if any): L;.k , .,vt. ". ... ,
#

Part B. Filter Data (Mass)

Weight, g Date Recorded by:
Final

Tare 4. MAY 2 - 1989
Net

Part C. TSP Calculations:

9 TSP conc. (pg/M3 ) = Mass 4 Volume of air sampled
* = Net weight 4 Cubio Meters/min (CI,) x

ra
o =- p g +( Ix(
6.I

0

. xa Performed by: Checked by:

4)

40



Wd0.

*l



, ,', , , ,- ~ ~ ~ ~~. . . . . . . . . . . . . •.. .. . .... .. . o••.-.----..-• :.

T S P. D AT A S U MM AR R /C A LC U LA T I OUS

Om aneue Filter No. _09 G73 Sampler ID "1

Part A. Field Data (Vcl. of air sampled)

Project No. ACH RiC Date, on __h______ of f It

Site- M-e.G%'ve ACA Location -Recorded by* MC.6

Sampler Time Flow Readines •em_. B.P. Comments

___1_____sttfirk ttPut.. ia. "2 0 I c F in. Hg Iia!lo.

t o p i3n 2 1 . C '-, jM f .. - 0 L. , , -

tart 13o0 0 7. i '7 3' •2 2q.i• ,47 (3Z4i71)

otal,h~r V ;%, C..,_ __ __ __ __ __

vg. I :: .4 iL ý34 2. _

Weather Conditions During Samplin:
Wind Visibility Sky Humidity Temp., F

St.. t Stop Start StOP Start Sitp Start Step Start Stop

gDirection- Clear - -Clear Dry < __ < 20
Calm V Hazy vz_ Sjat~ered •Moderate 21-40

. Light -_ "Fog - VOvercast v. __Humid v/ - 41-60 _--

' Gusty___ Precip. 61-80 V

Unusual activities near site,(if any): L:',.1 , I .. , +L._.

Part B. Filter Data (Mass)

Weight, ,, Date Recorded by:

Final
Tart 4.8e723 MAY F5_=

Net

Part C. TSP Calculations,

STSP conc. (Pg/MH) 3 Mass 4 Volume of air sampled
Net weight 4 Cubic Meters/min (C-MI) x Ti

O 0 xg +( )x(

Performed by: Checked by:



'IT

w(N

41 ~-$~ ~ -1 \%W !z t~j-:PM

/ 'AM



DArE________

PM..IOJ PID



Well Purging and Sampling Data

0

0



Well Purging and Sampling Data

Sit. Well No 9L)- -
Date(s) 7/- IRcl Geologist, -pns I e

Purging Boiler ." - - Equipment Used T--O,, okv (A Peel

Sampling Bailer I. 5" •4 oy- Measurement Reference Datum T42 ol cn•,v) (T¢

DATA FROM IMMEDIATELY BEFORE AND AFTER DEVELOPMENT

Depth to water measured from TOC (ft): Before Purging: After Sampling: 4-.70'

Total purging time (min.): .. ..

Depth to sediment in well (ft.): Before Purging: After Purging 51B.C6o'
5•'- 3o'

Time Since Cumulative
Purging Volume Water Water* Primary" DVYHJ.
Started Removed Temp pH of Conductivity Appear- Particu-
(min) Time (1) oC Water (jmhos/cm) ance lates g

Before 0 i40 21 L 19.'+ 4 1 •S C_1_ C1 L-.2/o

During 1 41 L.9 15. t, 4 .sci 6n CD_/Oc 0 o
During 5,.0 1.4 4 -. 35 5_• C-of0 L 0/0

During I 14z-, 4.5 |4.-7 q. 4\ 60 CO/ QG N L- 0.2710

During I 2 6.0 l. j 4.45 60 C - Z 0

During 1 i4 N4.. 1 . . -6.4 p6

During I, L;.L:4 ;:.-jE ~ -- _ _

After __ _.__ ___ /--,/T - .

•CL = clear *Particle Settle Time
CO = cloudy S = sand 1 min
TU = turbid ML = silt 1-2 hr

CL clay hrs 1c J-r" A P,- -

I . i, i L~t

Comments 3 weeki Vo\uw eS- = • I•rs

0 •66t.( s .;3

k.,;, -1(.0-1 c-f



Field Water Quality Sampling and Analyses

Project Rn' PP.C. Instruments:

Temperature Oro Research•/2d 0 5Z230•

P L-3 Conductivity Z a' / -•oCel ,

pH Qrtern Re-sear-rb /ascre

Location P_,L-____ R-3 PL--3 PE.L-3 PL-3

Source

SSample ID -

L Date

Clock Time or Pumping
Time IHO-. ILIII 411 161424 142_..
Sampling Method _______ __o________,_ _ _ _ _ 1?xi Ar~c

#Ai
C Depth Sample Taken q. ! .0

15 Well Depth , . -

Uo Water Height on Gauge
C or Staff

'a Discharge (cfs or gpm)
E
(n Weather

Temperature (OC or _,_4 4 -• .7 q -7

S(/mhos/cm) At 250C .

S-E h
PH

Ac Eh__ 
__

I.T
UM-

filtered
HNO3

V Radiologics un ___ __ __ __ __ __

Unfiltered
N utrients tgC _

0l-

EC

Chain of Custody Y/N

Laboratory
Sent To/Date

Sample/Analyzed By



Field Water Quality Sampling and Analyses

Project- (Rcm a, Instruments:

Temperature O • i .. 2.30
RLJ3 Conductivity ' 5 "

pH (OrvýN-) 2-:>3

Location - ______ ___O____

"Source , , -

. Sample ID caoI-GW - P%%O3 00
u Date-7 OR2CA--7

Clock Time or Pumping
Time J____ |____o I'jS7 125 153416
Sampling Method

c Depth Sample Taken , ' . 2. __--__

1 Well Depth _ .__._.

Uo Water Height on Gauge
Sor Staff

' Discharge (cfs or gpm)
E

Weather

'4. k __ __ __

Temperature (C or $r. 14 ISSc
Elec. Cond. Measured .

E (pmhos/cm) At 250 C

pH__ _ _ L.Li.c _ _ _

-:c Eh

L.L

Gross AIphmo , e"

-. HNO 3  V_
Tl• unfiltered

u C filteredE Nutrients Hgc_

0p-

ECV
E %.

Chain of Custody Y/N '
Laboratory

W ~~~~~Sent To/Date___________ ___________

Sample/Analyzed By



Field Water Quality Sampling and Analyses

Project c'MA61.f. t'1i Instruments:
Temperature (W•'\c'•r, 2 "I

Conductivity fS 3

Location LL-

"Source
SSampleID OID-Gw- : -OcI __-___

o Date, -- _ _____-_-

Clock Time or Pumping
Time _ _ _ _ _,_ _ _

Sampling Method

Depth Sample Taken

5 Well Depth 59. ( 5,

r• Water Height on Gauge
0a or Staff"

"a Discharge (cfs or gpm)
E
(n Weather

Temperature (0C or.-

Elec. Cond. Measured 5 c5_
• (pmhos/cm) At 25 0C

Es

= "Eh

unfilteredGross unoreserved ________ _______

Trace Metals filOr3
unfiltered

Radiologics uCiltered

oeg

= E Nutrients To lter

0S

ChiifCutdnI

Laboratory
W ~~~~~Sent To/Date_____________________________

Sample/Analyzed By



Well Purging and Sampling Data

Site 3 -MAAic. AtL, -r1J Well No PL4.
Date(s) "/a/ Geologist •jrv•.e_ /'•1sp ,•

Purging Bailer I. 45 u w-s1e 'S4em- Equipment Used "rt Gj.A Vk.ee_

Sampling Bailer t.5'" -•JIob Measurement Reference Datum MQ nC ,•, • -roc)

DATA FROM IMMEDIATELY BEFORE AND AFTER DEVELOPMENT After- Purging: 411-20

Depth to water measured from TOC (ft. : Before Purging: 8.1.s' 4S is'
Total purging time (min.): I I . After Sampling :

Depth to sediment in well (ft.): Before Purging: 52.50 After Purging -52.5"'

Time Since Cumulative
Purging Volume Water Water* Primary- a
Started Removed Temp pH of Conductivity Appear- Particu-
(min) Time (1)" OC Water (pmhos/cm) ance lates Date

Before o3 I 0 11 C I C q.-01_ .oo

During _ _ _ 1 1.0 m2. 5-14o | Co L,/r•n ML. 0/0

During_ 2i 2-. 1;.. 13 " 12.. co/brn ML- 0/-0

During 6 " . 12. A 1.5 ,is oo A
During

During

During

After ____ _ _._ . C I - o

"CL = clear "Particle Settle Time
CO = cloudy S = sand 1 min
TU = turbid ML = silt 1-2 hr

CL = clay hrs

Comments 3 o-k VJa1 Vou-n2i

OVA re•,nf "

HrJLL reit4,ra O

bVA re-A,=4 J.o

J



Field Water Quality Sampling and Analyses

Project HtSS*cc N6611e- Site~-, Instruments:
Temperature (Nn•i Or, 2.30

PL4- Conductivity \I 5 N .E -.-

pH (-cŽ.- "-C

Location Pw- 4 P. Lk- ._ _

Source •raG'u' •" (•,u _r._._

o Sample ID cot - w-PLL4 f)___- Got

0 Date -7- -- '7-$ __

Clock Time or Pumping
Time 1______45__,_ _

Sampling Method _______-____

SDepth Sample Taken • _

.2 _ _ _ _ _ _ _

V Well Depth Lv755 _ _ _._

0U Water Height on Gauge
0 or Staff

C Discharge (cfs or gpm)
E
SWeather ,.r,, 1

Temperature (OC or • * 6 .jj.

Elec. Cond. Measured
S(pmhos/cm) At 250 C

. pH _ __
"C Eh

G osunfiltered V
Grossunoreserved

filtered
Trace Metals HNO*3

ufiltered
=eNutrients HgCed

0-

•1- unite°

Ec

Chain of Custody Y/N \Laboratory N

Sent To/Date

Sample/Analyzed By r-- ti

0I

... ... .



Field Water Quality Sampling and Analyses

Project F-rt+AP.QC--• C "• . ,A<...- Instruments:

Temperature f "''r,'ir \ .Z,.

p-- 4 "Conductivity "I "

___ __ ___ __ ___ __ ___ __ __PH C\r-innr :Z7:'

Location L1

Source

w Sample ID ,
C ___I_________I_______nI-

o Date *7. .. fj __ _ _ _ __ _ _ _ _ _ _ _ _

Clock Time or Pumping
Time 0_. 016_-,4- O_(_.,_ 9 0-7_CoF

Sampling Method e1f _ __,_ _

o Depth Sample Taken

• Well Depth :2. SO
0
U Water Height on Gauge
0 or Staff

:• Discharge (cfs or gpm)
E
C Weather __._____ __,____

Temperature toC or OF I.)- 12. 12.. (2. S

Elec. Cond. Measured 1 ... Li..... Il- ____. _, _ _- _

(mhos/cm) t 25C
*• pH 3.'O ___._ "?..'- -.5" 2A3•'

EnSEh .

U.

Gross A/e-Ja._•- e _
filtered

Trace Metals MN03

Radiologics unfiltered
o) MCI _ _ _ _ _ _ _ _ _ _

"filtered
L Nutrients ao

EC

* Sent To/Date

Sample/Anelyzed By



Well Purging and Sampling Data

Site" 6OmmaC IAC% ,U-r" Well No p LL- 6

Date(s) -71-7.1 ci Geologist Burne.-! Nsr-

Purging Bailer ., ' Equipment Used Triteoci -. e-r.i

Sampling Bailer |. +el Measurement Reference Datum -roe (N- Cn,•,-c

DATA FROM IMMEDIATELY BEFORE AND AFTER DEVELOPMENT

Depth to water measured from TOC (ft.): Before Purging:__________ After Purging:

Total purging time (min.): ... SLAfter Sampling2 S

Depth to sediment in well (ft.): Before Purging:- -7 " After Purging 41 ,-5•"

Time Since Cumulative
Purging Volume Water Water* Primary- ovp,/,,,
Started Removed Temp pH of Conductivity Appear- Particu-
(min) Time (1) *C Water (pmhos/cm) ance lates -Bate

Before 0 6 017c (ia .4, 40 C- .. I I. C1 011-
During "17. .. O7z .... •.o I.. •.0 35 C~o /O'o•~ HL o/ o

During /. j1a i L 0 1-3.2. .q B C-0 b1L 0 /C

During 4 16i1 5,n- 0 1 i 4A7 - / - L.5 0/0

During "_

After -__U_ i06 C 1 4•S'f, j t.o% C/ 1 r,-c h\. '-

"*CL = clear **Particle Settle Time
CO = cloudy S = sand 1 min
TU =turbid ML = silt 1-2 hr

CL = clay hrs

Comments 5 VreJ'r r'-nes• -

-J

0



Well Purging and Sampling Data

Site blR•. EAC-%L-_Irq Well No MW A - 4:7
Date~s) -I7 !P! Geologist •yr-j / (nl-.ser

Purging Boiler -. 5" *u-s t"exl Equipment Used -Ti",,r, ni Sev- \

Sampling Bailer 1.5;" +e.lo,- Measurement Reference Datum --The

DATA FROM IMMEDIATELY BEFORE*AND AFTER DEVELOPMENT After Purging:- 4•.137
Depth to water measured from TOC (ft.): Before Purging: 41. 15 Afe a p

Total purging time (min.): " After Sampling3-

Depth to sediment in well (ft.): Before Purging: .. 53-An '- After Purging ,. 8o'

Time Since Cumulative
Purging Volume Water Water* Primary" OvYA•
Started Removed Temp pH of Conductivity Appear- Particu- ' -
(min) Time (1) 0C Water (pmhos/cm) ance lates 984

Before 0 o " I,1.5 -7"4.,5 I1.'Z -t c.I 01c_)

During ( CA"1 2. 0 IH. {?t. '54 1 tl c• (4.•-, ML Q/0

During (0___ Q9-7 4. 114-- (,g 15 e .)Or M of/0
During -7 bC34 (0.0 N -55.5 R' 115 CM&i% or• H " 6/t

During 0 90 8.o I+ L . 2A IJi. CO A -,r,., ,.- 0/0ODuring 5 70 j E.ŽLi in co /
During 3 1• H .-39 100 •Cl ./8 .-1 M mL-

After 20 ___ ____ ."i 4.4 " ., ..-1

"CL = clear "Particle Settle Time
CO = cloudy S = sand 1 min
TU = turbid ML = silt 1-2 hr

CL = clay hrs

Comments Z 'ei\i "\k"urn•_s = . ,tick

Q,,

r I rw, -•,wI " . 1

.3J

OV A, 0. 0 _P_

MA . n



Well Development Data

Site 50'ARC EAILA-I Well No. j~Al- 4 R

Date(s) -7 h"/I q Geologist Olr '•! /Clh..

Rig N Driller tJA

Development Equipment 1.5" S4ks-*Ae l Bator- Measurement Reference Datum Top PVC.
I. S" " I'•:l= 5:dJ

DATA FROM IMMEDIATELY BEFORE AND AFTER DEVELOPMENT

Depth to water (4eo): Before IS. -9 ("roc) Height above land surface

After 1 min t4AL 5 mrin WP% ___ min ks 15' e'or")

Depth to sediment at well (0m): Before 82.521 After 12. -45

Time Since Cumulative
Development Volume Water Water* Primary" 14N,

Started Removed Temp pH of Conductivity Appear- Particu- (.PP,)
(min) Time (1) 0C Water (pimhos/cm) ance lates 981e

Before 1..0 |7 . '4A3 so -_ _.

During B & ." .5 .9"7 A6, CO/or ML 5.-

During jou49 3.0 15.0 5.o2 & cQ3L€rn M -2.

During 5 1 j q - 15.0 , / ML

During 10561 (,.o 1.5A 5.0-7 81 iCA. 10 - .
During 

M7 " " "--M L.- _ _ _ _

During 11|1, 9. 0 45,0 6.09 ••'J •-

1=• 9- ,I 111!5 10-s- Is.0 5.10 -tI -o1040rn 0•
*" CL = clear **Particle Settle Time

CO = cloudy S = sand 1 min
TU = turbid ML = silt 1-2 hr

CL =clay hrs

S1152.I, 1.5 IlSO .510 I 81 °ioforrcd ML... 0
Estimated volume fluid lost to aquifer during drilling (liters) r-

No. of withdrawal periods. Date(s)-

Duration of each (hrs) \ Method(s) I-0N..

Comments

&CkýjQed %,Lr~a trp-c.4Qpp

HNj r -ndt~ 10 ,
IY\1-6kl arrC,44-ý 7--,rp ame jns iek



Well Purging and Sampling Data

Site Bnt,.9_C. 'AC-%L--rT• Well No. MW- 49

Date(s) -7T( 0/IP Geologist nC\e-l / SNjIrnes

Purging Bailer \.S -5+ni'rc•\S S• ezl Equipment Used W"I-,-A On&. 12eel

Sampling Boiler I." -elorx Measurement Reference Datum (.Q-/c

DATA FROM IMMEDIATELY BEFORE AND AFTER DEVELOPMENT After Purging:

Depth to water measured from TOC (ft.): Before Purging:* i....) After 25m10ing:_.lO-'

Total purging time (min.):L.| . I -

Depth to sediment in well (ft.): Before Purging:. After Purging 53.-•5

Time Since Cumulative
Purging Volume Water Water* Primary" OVA
Started Removed Temp pH of Conductivity Appear- Particu-
(min) Time (1) 0C Water (Pmhos/cm) ance lares

Before 0 i _s_ý 0 1_.0 (..0 89 C,1 C- 0-9-

During 53 1 -5• 1I•.3 "7. IAs go Co3/ cw-n HL

J

During -'7 15 -3"7 3.0 |• o .(0-9 01 nat M L_ 0

During 5 |l5 l - , . T , _

During . 15.0 -/ j 0
D uring J I . i j. .

After _ 1602 . ji. . .

"*CL = clear -Particle Settle Time
CO = cloudy S = sand 1 min
TU = turbid ML = silt 1-2 hr

CL = clay hrs

Comments " \,•__\\ • rt\e• .

-J 0\1 At ywi . 012M,
-JJ

tfka 6ve~a+N r ?4Qr~n Ren.oniz %)Pon~ Ofae Vn A
J



Field Data From Surface Water Samples

0



Field Data From Surface Water Samples

Unfiltered (UF)
or Temperature Conductance

Filtered (F) Ph '1L (um hos)

O01-SW-O01-O01 UF NA NA NA

001-SW-001-002 F NA NA NA

001-SW-002-001 UF NA NA NA

001-SW-002-002 F NA NA NA

001-SW-003-001 UF NA NA NA

001-SW-003-002 F NA NA NA

001-SW-004-001 UF NA NA NA

001-SW-004-002 F NA NA NA

001-SW-004-003 UF 5.15 27.30C 132

*001-SW-006-001 UF 8.48 276C 49

001-SW-006-002 F 8.48 270C 49

001-SW-007-001 UF 9.12 200C 15

001-SW-007-002 F 9.12 200C 15

001-SW-008-001 UF 3.61 230C 8

001-SW-008-002 F 3.61 230C 8

001-SW-009-001 UF 8.34 220C 5

001-SW-009-002 F 8.34 220C 5

001-SW-010-001 UF 9.65 210C 10

001-SW-010-002 F 9.65 210C 10

001-SW-011-001 UF 10.47 21.50C 11

001-SW-011-002 F 10.47 21.56C 11

001-SW-012-001 UF NA 210C 40

S001-SW-012-002 F NA 219C 40



Field Data From Surface Water Samples
(Continued)

Unfiltered (UF)
or Temperature Conductance

Filtered (F) ph __ ..'C) (urn hos)

001-SW-013-001 UF NA 21°C 40

001-SW-013-002 F NA 210C 40

001-SW-014-001 UF NA 190C 10

001-SW-014-002 F NA 190C 10

001-SW-015-001 UF NA NA NA

001-SW-015-002 F NA NA NA

O01-SW-PBl-O01 UF NA NA NA

O01-SW-PBl-002 UF NA NA NA

.O01-SW-PBl-003 UF NA NA NA

O01-SW-PBl-004 UF NA NA NA

O01-SW-PBl-005 UF NA NA NA

O01-SW-PBl-006 UF NA NA NA

O01-SW-CBI-O01 UF NA NA NA

O01-SW-CB1-002 UF NA NA NA

O01-SW-CB1-003 UF NA NA NA

O01-SW-CB1-004 UF NA NA NA

O01-SW-CBI-O05 UF NA NA NA

O01-SW-CB1-006 UF NA NA NA

NA = Not available.



APPENDIX E

SURVEYING DATA
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co'

206
B09

SC 21O

204 C19

B03 C,

202 0 co°

Coe

-c -

D i



C02
cole

-1

B13

C04 803

e C05

l Cie

C06 814

0c1' 0C07

c08 0C7C C13 CI72 I

Coc C14 
P CI;.,

C15

8 1;I B !• B IS 8
SBIC 81 ,2e

DETAIL 'A'
S-50'



, 345

326

324 2

322 Si

3 =.a I?

14

310 303

306 307

coi

S07 -- t

34 303 805

344 0



323

226 ýD 2

224 2,

22207 

l

I 20 219e

J216 215 16 2

034- 6-2 r

V 3 i3l 21 1 6 4 ?0 06Q '

212 211 112________ 
____

3m C02 - 210 209 11010 2

Col 37

200 270 C000 lo 107 39

CIS C 04

C17

fl 03 )l 07 CO
902 - 02m

_______CIO-



44

-3~l

22

-~ 35



204 as•

003 02 @¢ni

2-02J

*C09

_._._...--

C

BOREHOLE PT. NORTH EAST ELE.

601 437547.56 2062513.18
902 437576.43 2062493.25 1
603 437604.89 2062493.07 1
904 437622.12 2062527.27
305 437661.00 2062535.39
106 437631.30 2062545.23
807 437595.81 2062555.56
B08 437564.6? 2062564.99
B09 437658.45 2062557.66
910 437447.74 2062401.46
a11 437521.93 2062402.06
912 437388.8? 2062411.22 T
313 437472.33 2062596.6) 2'

914 437455.52 2062534.35 1
315 437438.38 2062480.90 17
016 437452.8? 2062409.51 17
017 43733S.42 2062428.45 I:
B18 437255.91 2062445.20
819 437137.65 2062475.10 le

820 437092.65 2062381.04 17
6 - • . ,21 4 3464.77 2?22413.93 17

01)41AMS? 11 oo*A74? 'CA 17



.s O *l 0 t

SCOO *CIO C Es0

C09 w

.15

DETAIL 'A'
r 50y

EEA ION
-'S fIO17 . o 3 5 7 622 6 0 6 6 7 .

174.0 COz 437577.6? 20Z36S 176.7
173.0 C03 437321.69 *4 7.17?C04 43?%50.40 15T9.4173.? O 34S2 '2562 7.174.9 C06 437468,3? 174.09
174.7 COT 354iI4'
174.6 coo 437%31.84 13
174.2 C0 43463..6 173.5 4 

-~

170.6 8
~~7O.8 C12 4$7451.22 9I*.hi-
240.3 13 637461.53 

-

1 72.9 I 3 4 0 9? .. h0 ~ . . .
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INTRODUCTION

Science Applications International Corporation (SAIC) is completing a

remedial investigation and feasibility study (RI/FS) of a plutonium

contaminated site (BOeing-Michigan Aeronautical Research Center [S OMARCI Site)

near McGuire Air Force Base in Ocean County, New Jersey.

The BOMARC Site was subjected to an accidental release of plutonium to the

environment on June 7, 1960 caused by an explosion of rocket fuel and

subsequent fire of a BOMARC missile. The fire melted the plutonium warhead

and as a result of the firefighting activities, plutonium-contaminated water

flowed outside the missile shelter (No. 204) down the asphalt apron and street

and into a drainage ditch leading to a ponding area outside the site

boundary.

As part of the RI/FS, SAIC has requested that mathemathical modeling be

performed by Burgess & Niple, Limited to define plutonium transport and

dispersion into the drainage ditch and ponding area.

This report describes the site, the model selection and testing, the

modeling goals and assumptions, the input data used, the modeling scenarios

and their results, and provides a preliminary prediction of the transport path

and fate of plutonium released into the drainage ditch.



SITE DESCRIPTION

General Topography

The BOMARC Missile Site, located in Ocean County, is in a heavily wooded,

semirural part of east-central New Jersey, about 25 miles inland from the

coast (Figure 1). It lies on the northern boundaries of the New Jersey

Pinelands (Pine Barrens). The site is on Fort Dix Military Reservation

property, leased to McGuire Air Force Base (AFB). Fort Dix extends to the

west of the BOMARC facility, and to the southeast is the Lakehurst Naval Air

Station (Figure 2). Part of the New Jersey Wildlife Game Refuge lies

northeast of the BOMARC facility.

The topography of the area is gently rolling with elevations ranging

between 60 and 180 feet above mean sea level (msl). It is generally

low-lying, with poor drainage, many swamps, and slow-flowing streams. The

maximum elevation at the BOMARC Missile Site is about 180 feet above msl near

Shelter 204, and decreases to about 130 feet above msl at the southeastern

perimeter of the facility.

The nearest and only na' -ra! drainageway in the vicinity of the site is to

the south: the northeast-trending Elisha Branch which via Success Branch,

Bordens Mill Branch, and Ridgeway Branch flows into the southeast-trending

Toms River (Figures 2 and 3).

Drainage Ditch Topography

The total watershed area contributing to the drainage ditch is 15.5 acres

and is shown on Figure 3. The drainage ditch runs southerly from Shelter 204,

paralleling the site boundary fence for approximately 800 feet before entering

into a twin 24-inch underground culvert of 230-foot length. Approximately 250

feet upstream of that point, an 18-inch pipe discharges surface runoff into

the ditch. The twin 24-inch culvert discharges into the drainage ditch which

runs another 320 feet before entering a single 30-inch culvert of 130-foot

length crossing underneath Ocean County Highway 539. From this point, the

culvert opens into a sandy ditch that eventually flattens into a wooded

ponding area (Figures 3 and 4). There does not appear to be a natural surface

2
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water outlet from the ponding area. Any surface water entering that ponding

area would either evaporate, percolate downward to the water table, or

possibly during periods of heavy rainfall flow until it reached the drainage

of the Elisha Branch of the Toms River. The drainage ditch runs for a total

of 1,505 feet and has a total vertical drop of 26.5 feet giving an average

slope of 1.8 percent. The steepest portions of the drainage path are the

culverts, the entrances to culverts, and a short upstream section. The depth

of the ditch averages 2.5 feet except at the ponding area where it is 5 feet

deep. The width at the top of the banks varies from 20 to 45 feet.

7



MODELING GOALS

The modeling goals were as follows: !

I. Provide an "off-the-shelf," open-channel flow and sediment transport

model.

2. Using this model and historical data provided by SAIC, define the

worst-case scenarios for plutonium transport and dispersion from

Shelter 204, along the drainage ditch and into the ponding area west

of County Highway 539 during the 1960 firefighting efforts at the

BOMARC Site. This model should incorporate scenarios both with and

without the earthen dam erected to prevent or retard water flow down

the ditch. It should also incorporate information on precipitation

events at the site prior to covering the drainage ditch with asphalt

in 1967. The information will be used to predict where "hot spots"

may occur, based on all available information.

3. Under present conditions, determine what frequency storm would cause

erosion of the drainage ditch and allow further distribution of

plutonium into the environment. Include model analyses of predicted

"hot spots" as additional sources.

During the course of the modeling, evaluation of preliminary results were

made and upon conferencing with SAIC, additional modeling was performed to

include scenarios for infiltration through the bottom of the drainage ditch

and two other possible dam locations.

A total of eight scenarios were modeled, and the specific goals of each

scenario are described in the Modeling Scenarios section of this report.

8



MODEL SELECTION

The modei selected was the U.S. Army Corps of Engineers HEC-6 (Hydrologic

Engineering Center) model. It is a one-dimensional steady-state open channel

flow sediment transport model developed to analyze scour and deposition of

sediments in natural or man-made water channels. Steady-state by definition

means that conditions do not change with time. This does not allow HEC-6 to

analyze continuous flow variation in a channel resulting from pulse flows or

from infiltration losses through the channel bottom. HEC-6 can however,

within some limitations, be used to analyze discrete steady-state flow rates

over sequential time periods and over different stretches of a channel.

Since its development, the model has undergone several modifications as

its application broadened, and today it is used to model a wide variety of

hydraulic conditions.

HEC-6 analyzes scour and deposition by modeling the interaction between

the water-sediment mixture, sediment material forming the channel's boundary,

and the hydraulics of flow. It simulates the ability of the channel to

( transport sediment by performing a mass balance calculation on all particles

present in both the incoming sediment load and the channel bed. A total of 15

sediment particle sizes ranging from very coarse gravel to clay can be defined

by the HEC-6 model. These sediment groups are identified and subdivided based

on the American Geophysical Union classification scale as shown in Table 1.

The modeling of plutonium transport and dispersion into the drainage ditch

at the BOMARC Site is essentially a particle tracking study. HEC-6 is not a

particle tracking model, per se, but has been adapted to address the issue.

This was done by assuming that the hydraulic properties of a plutonium

particle are the same as those of one of the silt particles of the H-iEC-6

model. Both particles are assumed to be hydraulically equivalent by equating

their fall velocities and critical tractive forces (see Model Testing

section). In this way, HEC-6 can be applied as a particle tracking model to

predict the transport of plutonium released into the drainage ditch at the

BOMARC Site.
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Table I

Grain Size Classification of Sediment Material
Burgess & Niple, Limited
Engineers and Architects

No. Sediment Material Classification Grain Diameter (mm)

Clay

1. Clay (Clay) 0. 004

Silt

1. Very Fine Silt (VFSI) 0.004 - 0.008

2. Fine Silt (FSI) 0.008 - 0.016

3. Medium Silt (MSI) 0.016 - 0.032

4. Coarse Silt (CSI) 0.032 - 0.0625

Sand and Gravel

I 1. Very Fine Sand (VFS) 0.0625 - 0.125

2. Fine Sand (FS) 0. 125 - 0.250

3. Medium Sand (MS) 0. 250 - 0. 500

4. Coarse Sand (CS) 0.500 - 1. 000

5. Very Coarse Sand (VCS) 1. 000 - 2. 000

6. Very Fine Gravel (VFG) 2.000 - 4. 000

7. Fine Gravel (FG) 4.000 - 8. 000

8. Medium Gravel (MG) 8. 000 - 16. 000

9. Coarse Gravel (CG) 16.000 - 32. 000

10. Very Coarse Gravel (VCG) 32. 000 - 64. 000

10



Other more esoteric models are available to perform particle tracking

studies but require large amounts of input data that are not readily

available. The HEC-6 model's input data requirements are flexible; the

program generates much of its data subject to being overridden if such data is

supplied. In this way, the model can be applied to the study rather than the

study filling the requirements of the model.

Considering the unique and unknown nature of plutonium transport in a

channel, it is questionable whether or not a more esoteric model could produce

a better end result. In addition, the HEC-6 model has been widely used and

recognized by consultants and regulatory agencies. In view of the above, the

use of the HEC-6 model is appropriate.

/
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MODEL ING ASSUMPTIONS

The following assumptions were made concerning the modeling. In cases

where there was a choice of assumptions, the conservative (worst-case) choice

was made.

1. The hydraulic conditions in the drainage ditch are steady state full

f low. In reality, the hydraulic conditions were transient with an

advancing water front over a dry ditch bed. Full flow assumes no

infiltration and produces a worst-case analysis from the hydraulic

portion of the model.

2. The frictional resistance to flow, Manning's n, is 0.06 for the ditch

and 0.03 for the culverts. These were established from literature

and a site visit.

3. The temperature of the flowing water is 65 degrees Fahrenheit (0 F.).

No data are available on this parameter. The air temperature on

June 7, 1960 at 1500 hours was 750 F.

4. The plutonium load is in the form of plutonium dioxide (Pu0 2 )

paf-ticles.

5. The PuO2 particle is simulated in the model as a very fine silt, fine

silt, medium silt, or coarse silt particle (see Model Testing

Section).

6. From experiments conducted to measure the plutonium made airborne

during oxidation (see Reference 2, page 4), the size of Pu0 2 particle

is between 4 trn and 14 um in diameter.

7. The shape factor of a PuO2 particle is 0.667. No data are available

on this parameter so the HEC-6 model default value was used.

8. The internal friction angle of a PuO2 particle is between 10 and 41

degrees. No data are available on this parameter. The selected

range covers all noncohesive sediment particles.
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9. The density of a PuO2 particle is 11.46 g/cc (see Reference 2, page

4). The density of silt is 2.65 g/cc.

10. Critical tractive forces are calculated based on experiments by W. F.

White (see reference 6, p. 94-96).

11. The* dam erected to prevent or retard the flow of water was made of

the same material as the existing ditch bed and its height extended

to the top of the ditch banks.

12. Flow through the culverts is simulated by assuming -a semi-circular

open channel geometry, and scouring below the inverts of the culverts

is not allowed.

13



MODEL INPUT AND OUTPUT

Input used for the HEC-6 Model consisted of the following sets of data:

- Geometric

- Hydraulic

- Hydrologic

- Plutonium load

- Ditch bed sediment

Geometric

Surveying of the drainage ditch was performed in July 1989 and outlined

the space boundary of the model. This space boundary covers an area of

approximately 50,000 square feet. The northern model boundary is at the

upstream end of the drainage ditch next to the asphalt apron in front of

Shelter 204. The southern model boundary is at the downstream end of the

ponding area next to Ocean County Highway 539. The east and west boundaries

of the model are the respective banks of the drainage ditch (see Figures 3 and

4). All surveyed elevations are relative to that of the apron in front of

Shelter 204 which is set at 100 feet.

A total of 18 cross sections were produced spanning a distance of

1,505 feet, and these formed the geometric input data of the model.

Hydraulic

The total volume of water that flowed into the drainage ditch during the

firefighting efforts on June 7, 1960 was 30,000 gallons during 8 hours (see

Reference 1, p. 5-7). This corresponds to an average flow rate of 0.14 cfs.

No additional data were available to define the flow rate. Subsequently

during 1960-1967, the flow rate was a function of rainfall events and was

calculated using the hydrological model HYDRAIN. HYDRAIN was developed by

Burgess & Niple, Limited and is based on the SCS TR-55 method described in

Reference 12.

14



Hydrologic

The hydrologic data used consisted of 24-hour precipitations from

January 1, 1960 to December 31, 1967 and is shown graphically on Figure 5.

The weather station used for the climatological data was Pemberton (see

Figure 2) and the 24-hour, 10- to 100-year frequency storms were interpolated

from charts in Reference 7. The HYDRAIN hydrological model calculated 24-hr

storm hydrographs that were used by the HEC-6 model. Infiltration through the

bottom of the ditch was between 0.2 and 6.3 inches/hr (see Reference 1,

p. 3-15).

Plutonium Load

The plutonium load released into the drainage ditch during the

firefighting efforts on June 7, 1960 was 1.5 kg as plutonium dioxide (Pu02)

(see Reference 1, p. 2-7, p. 5-6 and p. 5-7). This corresponds to an average

loading rate of 0.19 kg/hr. No additional data were available to define the

plutonium loading rate.

Ditch Bed Sediment

Test pits were dug around the site, and these are shown on Figure 6. Data

from the test pits is included in Appendix A. Test pits E and F were used to

determine the sediment profile of the drainage ditch bed. Figure 7 shows a

gradation curve for test pits A through F. It indicates that the ditch bed is

poorly graded and consists predominantly of coarse to fine sand. These sands

are porous with moderately high permeabilities. This is concurrent with

permeabilities of the BOMARC Site in general mentioned in Reference 1, p. 3-15

(from 0.2-6.3 in/hr).

15
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MODEL TESTING

The HEC-6 model was applied to this study using hydraulic equivalency.

From Stoke's law, the theoretical fall velocity in water of a PuO2 particle

was calculated and from there an equivalent diameter of a silt particle of

equal theoretical fall velocity was obtained. The fall velocity of a particle

is influenced by the hydraulic conditions within its surroundings. These

conditions can be described by a dimensionless parameter known as Reynolds

number (Re). The following assumptions were used:

- particles are spherical

- quiescent hydraulic conditions (Re <101)

- specific gravity of PuO 2 - 11.46

- specific gravity of silt - 2.65

This was done for several possible sizes of the PuO 2 particle and resulted

in four HEC-6 sediment particles acting as PuO 2 particles. These were very

fine silt, fine silt, medium silt and coarse silt. Model testing was done on

each separately. For all four sediment particles sizes, maximum and minimum

theoretical critical tractive forces were calculated for each cross section of

the drainage path, and these were then compared to the actual computed

tractive forces by the model at each cross section. In this way, a range of

results was obtained for each modeled scenario, and this allowed worst-case

and best-case possibilities to be evaluated.

A worst-case and a best-case model run was performed for each scenario.

The worst-case run involved very fine silt and minimum critical tractive

forces. This allowed for maximum possible transport of PuO 2 particles. The

best-case run involved coarse silt and maximum critical tractive forces. This

allowed for minimum possible transport of the PuO 2 particle. Table 2 shows

the distinction between worst-case and best-case model runs as far as input

data is concerned.

Preliminary runs were performed to determine overall model response and to

check for input data errors prior to modeling different scenarios. The

results of those runs are summarized in Table 3 and are included in

Appendix B.
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Table 3

Model Response to Input Data
Burgess & Niple, Limited
Engineers and Architects

Model Input Data Input Data Reliability Model Response

Ditch topography1  High High

Ditch hydraulic properties1  Medium High

Dam characteristics 2  Low High

Ditch flow rate' Medium High

Water temperature' Low Low

Ditch bed material gradationi Medium Medium

PuO 2 particle characterization 2  Medium Medium

Critical tractive forces 2  Low High

Note: Low, Medium, and High model responses are qualitative assessments based
on experiences gained from diverse application of the HEC-6 model.

I From Reference 5.
2 From this project.
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Table 3 shows that the critical tractive forces and the dam

characteristics are the two input data parameters most likely to introduce

errors in the modeling. The critical tractive forces parameter can be

improved by determining the internal friction angle of the PuO 2 particle. The

dam characteristics parameter can be improved by determining the exact

geometry and location of the dam.

Output produced by the HEC-6 model is included in Appendix C. The

pertinent portions at each cross section are:

- Hydraulics of flow (subcritical, critical or supercritical)

- Actual tractive forces (greater than or less than critical tractive

forces)

- PuO2 load passing the cross section

- PuO2 load deposited at the cross section.

In addition, a summary is given at the end of each run for the entire

length of the drainage path. The summary includes:

- Total PuO2 accumulated at all cross sections

- Total PuO2 transported past downstream cross section

- Percent PuO2 deposited (trapping efficiency).
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MODELING SCENARIOS

A total of eight scenarios were modeled. Scenarios I to 6 are pertinent

to the transport ot plutonium during the firefighting efforts and cover

different possibilities and conditions that could have occurred. Scenario 7

modeled the transport of plutonium from the date of the incident to the end of

1967 assuming a dam was in existence. Scenario 8 modeled the erosion

possibility of today's asphalt-covered ditch based on a future rainstorm

event.

Scenario 1

This scenario modeled plutonium transport during the firefighting under

conditions of no infiltration and no dam. This scenario is the least likely

and results are shown in Figure 8. For the worst-case run, the model

predicted that all of the plutonium was transported beyond Station 1+00 (the

model boundary) and into the ponding area. The computed tractive forces were

greater than the critical tractive forces at every cross section resulting in

no deposition of PuO 2 particles within the boundary of the model. For the

(" best-case run, the model predicted that all of the plutonium was transported

up to Station 14+75 and from there deposited in the stretch from Station 14+75

to Station 13+05. No plutonium was transported beyond Station 13+05.

Scenario 2

This scenario modeled plutonium transport during the firefighting

under conditions of infiltration and no dam. Infiltration was simulated by

reducing water flows over sequential stretches of the ditch as the model

cannot directly simulate infiltration. Two quantities of infiltration were

modeled, 10,000 oallons (inflow = 0.14 cfs, outflow = 0.09 cfs) and

25,000 gallons (inflow = 0.14 cfs, outflow = 0.02 cfs). Results are shown in

Figure -9. For the worst-case run, the model predicted that all of the

plutonium was transported beyond Station 1+00 (the model boundary) and into

the ponding' area for both infiltration quantities. For the best-case run and

for an infiltration of 25,000 gallons, all of the plutonium was transported up

to Station 14+75, and from there deposited along the drainage path up to
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Station 2+80 except for the twin 24-inch culvert. For an infiltration of

10,000 gallons, deposition occurred in the stretch 14+75-13+05 and 5+25-4+15.

No plutonium was transported beyond Station 4+15.

Scenario 3

This scenario modeled plutonium transport during the firefighting with an

earthen dam located at Station 10+55. No infiltration was assumed and the

dam height was set to the depth of the ditch. Results are shown in Figure 10.

For both the worst-case and the best-case run, the model predicted that all of

the plutonium was contained within the reservoir formed by the dam.

Scenario 4

This scenario was identical to Scenario 3 except that the dam was located

at Station 8+40. Results are shown in Figure 11. For the worst-case run, the

model predicted that 97 percent of the plutonium (1.455 kg) would be contained

within the reservoir formed by the dam. The remaining plutonium (0.055 kg =

55 grams) was transported beyond Station 1+00 (the model boundary) and into

the ponding area. For the best-case run, the model predicted that all of the

plutonium was contained within the reservoir formed by the dam.

Scenario 5

This scenario was identical to Scenario 3 except that the dam was located

at Station 6+00. Results are shown in Figure 12. For both the worst-case and

the best-case run, the model predicted thac all of the plutonium was contained

within the reservoir formed by the dam.

Scenario 6

The purpose of this scenario was to look at a probabilistic approach to

plutonium transport based on results of Scenario 1. A comparison between

actual computed tractive forces and minimum critical tractive forces was

made at each cross section of the model.
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Based on the ratio of the two values, the probability of movement of a

PuO2 particle was calculated at each cross section (see Reference 3,

Exhibit 3, page 20). From that, the cumulative probability of movement up to

any cross section was calculated and results are shown on Figure 13. Based on

this probabilistic approach, there is a maximum 55 percent chance that

plutonium traveled beyond Section 1+00 (the model boundary) and into the

ponding area during the firefighting. This scenario indicates that the

problem can be modeled stochastically, which could be a contribution to any

risk assessment analysis.

Scenario 7

The purpose of this scenario was to determine whether any rainstorm that

occurred after the incident (June 7, 1960) and prior to covering the ditch

with asphalt (sometime in 1967) caused plutonium transport over the earthen

dam erected at Station 8+40 (see Scenario 4). This location of the dam was

selected by SA[C as being a likely site of the three possible locations, and

the one that would produce the worst-case results. The exact date of covering

the ditch with asphalt is not available so the rainfall data used extended to

December 31, 1967. No infiltration was assumed and no erosion of the dam

itself was modeled.

Since the ditch flowed intermittently during the 7-year period of concern,

an indirect method of modeling was applied for this scenario. The model was

run for gradually increasing flow rates starting with a flow of 0.14 cfs (flow

used for modeling transport during firefighting). Each flow rate was run

separately and the model output checked for plutonium transport over the dam.

The flow rates were increased until the flow rate necessary to transport

plutonium over the top of the dam was obtained. From there, HYDRAIN was used

to determine the minimum size 24-hour storm necessary to create such a flow

rate.

For the worst-case run, a flow of 0.65 cfs corresponding to a storm of at

least 0.41 inches would transport the plutonium over the dam past Station 1+00

(the model boundary) and into the ponding area. For the best-case run, the
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results are 1.70 cfs corresponding to a storm of at least 0.58 inches. These

results are shown on Figure 14 and indicate that for the worst-case run any

one of 260 storms could have caused transport of plutonium over the dam. The

corresponding number for the best-case run is 184 storms. In addition, it

should be noted that the dam itself was probably eroded or removed prior to

1967.

Scenario 8

The purpose of this scenario was to determine what frequency storm would

cause erosion of the present day asphalt cover of the drainage ditch and

thereby allow fur or distribution of plutonium into the environment. A site

visit was performed in January 1990 and revealed that the existing asphalt

cover is generally in good condition. Portions of the cover were cracked but

there was no dislodgement of asphalt pieces. Areas of the drainage ditch had

sediment deposits which supported vegetation, and around a few of those areas

breaking up of the asphalt by plant root was evident. Borings taken along the

drainage ditch showed that the asphalt cover is 2 inches thick.

Based on the preceding data, it was assumed for the purpose of this

"( scenario that the storm causing movement of a 2-inch-diameter asphalt particle

is the storm that could potentially erode the asphalt cover. The tractive

force necessary to move a 2-inch angular particle of crumbled asphalt is

between 16 and 26 psf. The exact value depends on the slope of the drainage

ditch at the point where the particle lies. Using HYDRAIN, the peak flow for

a 100-year, 24-hour storm was obtained, and from HEC-6 the tractive force

produced by that storm was calculated to be between 1 and 6 psf depending on

the slope of the drainage ditch. Therefore, an excess of a 100-year, 24-hour

storm is required to possibly erode the asphalt cover. In view of the

conservative assumptions made, it is very unlikely that erosion of the

existing asphalt cover would occur from storm runoff.
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SUMMARY AND CONCLUSIONS

A sediment transport model was used to predict plutonium transport in a

drainage ditch at the BOMARC Site under different possible scenarios. Due to

the unique and unknown nature of plutonium transport in a channel, worst-case

and best-case model runs were performed for each scenario to define the range

of possible outcomes. Based on the assumptions and modeling goals stated in

this study, the following conclusions can be made concerning plutonium

transport.

Transport Durinc Firefighting on June 7, 1960

If there was no darn, the plutonium went as far as the water traveled.

There is some evidence from Reference I that the water traveled approximately

500 feet along the drainage ditch. Due to infiltration it is unlikely that

the water, and hence the plutonium, traveled to the ponding area.

If there was a dam with a minimum height of 3 feet, plutonium was

contained within the reservoir formed by the dam due to small tractive forces

upstream of the dam and due to infiltration.

Transport During 1960-1967

From the numerous precipitation events that occurred on the site in the

7-year time period, between 184 and 260 storms would have produced runoff and

flow in the drainage ditch capable of transporting the plutonium over the dam.

There is some evidence from Reference 1 that the dam was removed following the

incident. If the dam was not removed, it was probably eroded prior to 1967.

In view of the above, it is very likely that the plutor.ium traveled to the

ponding area during this 7-year period before an asphalt cover was placed over

the drainage ditch.

The model cannot determine plutonium transport in the ponding area as that

is beyond model boundaries. Based on local topography and a site visit there

does not appear to be a natural surface outlet from the ponding area (see

drainage ditch topography, page 2).
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During heavy rainfall, temporary drainage pathS could possibly develop

within the ponding area leading to the drainage of the Elisha Branch of the

Toms River. However, their hydraulic gradient would be one or two orders of

magnitude lower than the hydraulic gradient in the drainage ditch. Based on

that, it is unlikely that the flowing water would have sufficient tractive

force to transport the plutonium out of the ponding area.

Erosion of Existing Asphalt Cover

An excess of a 100-year, 24-hour storm is required to possibly erode the

existing asphalt cover. In view of the conservative assumptions made, it is

very unlikely that erosion of the cover would occur from storm runoff.

The worst-case and best-case model runs produced a range of possible

outcomes. The following data is needed to narrow that range and increase

confidence in the model predictions:

- The internal friction angle of the PuO 2 particle

- The dam characteristics (height, location, side slopes, and

construction material)

This study was not typical of sediment transport modeling. The

combination of uniqueness of the problem, conservative assumptions and unknown

factors made this a challenging task. Models assist in making decisions based

on the results. As long as this model is used as a management tool in the

RI/FS, it can be useful in attempting to determine the extent of possible

plutonium contamination.
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An accidental explosion and fire occurred at the Fort Dix Military Reservation
(New Jersey) BOMARC missile shelter 204 on 7 June 1960 at approximately 1500
hours LST (local standard time). The resulting fire engulfed a warhead containing
plutonium (Pu). Preliminary undocumented measurements carried out by thia Air
Force shortly after the accident indicated considerable radioactive ground
contamination near the shelter but no measurable ground contamination from
potentially released Pu in the plume from the fire downwind of the shelter.

In 1989, the U.S. Air Force contracted with Earth Technology Corporation and
its subcontractor Science Applications International Corporation (SAIC) to conduct a
Remediation Investigation and Feasibility Study (RI/FS) of the existing contamination
at the accident site. Battelle Northwest (BNW) was subcontracted by SAIC to perform
a study or the Pu burn and to model possible airborne releases and surface deposition
from the accident. The purpose of this study was to provide a sampling matrix for

* FIDLER radiation measurements in areas identified as potentially affected by the
accident.

Results from this study are presented in the form of a comparison of predicted
Pu deposition values over the entire region of interest with FIDLER samples taken over
a limited area. The predicted values are derived from the MESOI 2.0 Code (to be
described). Comparison of the two data sets is difficult as a result of model
uncertainties and uncertainties in the radiation measurement (including measurement
and calibration procedures, definition of the lower limit of detection, the protocol to
determine the variation in backgrounds as a function of time or locations, and
uncertainty estimates as a function of counting levels). The uncertainty was therefore
felt to be too large to allow any meaningful correlation of the model results and
physical measurements made.

Two conclusions are presented. First, the presence or absence of measurable
levels of contamination cannot be confirmed from the FIDLER data. Therefore, a
definable deposition pattern for radioactive ground contamination could not be
established based on the measurements used to compare with model results. The fact
that well defined patterns were predicted by MESOI 2.0, and none were found, argues

* that no measurable ground contamination occurred from the Pu plume released
during the fire.
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Second, by weighting the individual FIDLER data by their representative areas,

a range of possible Pu deposition values could be calculated. These values can
range from approximately 0 to 20 g depending on the lower level of detection limit of
radioactivity used for the FIDLER instrument. The 20 g deposition was considerably

larger than the 0.5 to 7.5 g calculated to be released to the atmosphere based on a
burn analysis of the Pu warhead (Appendix A.)

INTRODUCTION

A non-nuclear explosion which resulted in a fire in the missile shelter 204

occurred at the Fort Dix Military Reservation (New Jersey) BOMARC missile site on 7
June 1960, at approximately 1500 hours LST (local standard time). At approximately
1515 LST, the warhead containing plutonium (Pu) was engulfed by the fire. The fire
continued to burn for 30 to 60 minutes and was reported out between 1545 LST and
1615 LST. Preliminary undocumented measurements by the U.S. Air Force in 1960

showed considerable radioactive ground contamination near the shelter but no
measurable ground contamination from airborne released Pu downwind of the shelter.

In 1989, the Air Force contracted with the Earth Technology. Corporation and its

subcontractor Science Applications International Corporation (SAIC) to conduct a
Remedial Investigation and Feasibility Study (RI/FS) of existing contamination at the
accident site. Battelle Northwest Laboratory was subcontracted by SAIC to perform a
study of the Pu bum and its potential release of Pu to the atmosphere and to model
possible airborne dispersion and resultant surface deposition of Pu from the accident.
The results of the BNW study are contained in this report.

The purpose of this study was to provide guidance to SAIC for soil sampling by

identifying areas downwind of the accident site where possible deposition occurred
from the Pu released to the atmosphere in the fire plume. Identification was also to be
made of any potential "hot spots" of deposited particulate from the fire plume. Both

areas of ground deposition and potential hot spots were than to be investigated by a
FIDLER survey conducted by SAIC. In addition, because of uncertainty in the model
results, it was anticipated that there would be an iteration on the modeling process. In

particular, the FIDLER survey results were to be compared with model results, with an
adjustment in model variables to be made to bring the predicted and observed
patterns into closer agreement. In this way it was hoped that the model could be used

* to identify any additional areas for FIDLER sampling.
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The meteorological code to be used in this analysis was MESOI 2.0 (Ramsdell
et al. 1983). This model provides a mathematical description of atmospheric transport
and surface deposition on horizontal spatial scales similar to the accident. The code
has demonstrated its usefulness in describing air concentration downwind from
radioactive releases in similar terrain to the accident site at the Savannah River Plant
in South Carolina (Ramsdell et al., 1984).

This report includes a description of the MESQI 2.0 code, the input used to run
MESOI 2.0, modifications made to MESOI 2.0, the model-produced depositibn
patterns, recommended areas for sampling, and a comparison of the modeled Pu
deposition with the FIDLER survey.

METHODOLOGY

DESCRIPTION OE MESOI 2.

The MESOI 2.0 code is a single layer Lagrangian puff model that simulates the
* transport, diffusion, deposition, and decay of gases and small aerosols released to the

atmosphere. The model uses near-surface winds and winds at the top of the planetary
boundary layer for calculating transport. A wind speed and direction at the height of
released material is found by interpolation. Material is deposited to the surface using
a source depletion and a dry deposition model.

MESOI 2.0 code was selected because it can be used to compute transport and
deposition over short distances, i.e., out to 10 km. The model's grid size and inputs
can be adjusted to allow the user the level of detail necessary to represent an area of
interest. For this study, the transport grid size was set at 1.0 km spacing and the
deposition grid at 0.5 km spacing. A time step of 10 minutes was selected. There was
only one modification of any significance to the documented code.

MODIFICATIONS TO MESOI 2A.

MESOI 2.0 has a built-in dry deposition velocity, but does not allow for particle
settling within the puff. To simulate particle settling velocities, a modification was
made to allow for a settling velocity to be input into the model and to change the height
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* of the puff with time. By using several size ranges of particles, with their associated

settling velocities, the behavior of a settling puff could be simulated.

INPUT FOA MEI 2,Q

Surface winds and winds above the top of the boundary layer are needed by
the model to describe transport. Winds at these two heights are necessary to evaluate
the wind speed and direction (by linear interpolation) at the height of the puff.

Two sites near the accident provided the wind data: McGuire Air Force Base,
located 14.5 km to the west and Lakehurst Naval Air Station, located 10.0 km to the
east (see Figure 1).

The top of the boundary layer at the time of the accident (and hence the
presumed upper limit to vertical motions ana mixing) was estimated using hourly
surface temperatures at McGuire and Lakehurst along with the temperature
soundings from Washington 0. C. (about 250 km WSW) and New York International
Airport (about 125 km NNE). The height of the mixing layer was made using the
method described by Holzworth (1972). The resulting mixing layer height was

* estimated to be between 1800 and 2300 m above the surface; these heights were
assumed to represent the height of the top of the boundary layer.

An estimate of the winds at the top of the boundary layer was made by using a
National Weather Service 850 mb synoptic map (corresponding to approximately
1500 m over the accident site). The geostrophic analysis of this 850 mb surface
yielded NNW winds at 3 kts over the accident site. This is the wind speed used to
describe transport above the boundary layer.

The model represented the surface flow at the site of the accident by using
nearby wind information from McGuire and Lakehurst. The surface wind observations
at McGuire and Lakehurst are 5 min averages taken approximately 10 min before the
hour on the date of the accident. Comments made by the weather observer (Table 1)
indicate that wind speeds were Hio I and/or variable during the time period of the acci-
dent. There does appear to be some consistency in the direction of the hourly
reported winds at both stations. The wind directions at 1500 LST, near the time of the
accident, are for the same direction (NNE) with similar wind speeds of 2 and 3 kts.
The 1600 LST wind directions show a more westerly component with light W to NW
winds at Lakehurst and McGuire, respectively.
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A large potential source of error in predicted transport (and hence in predicting

the deposition of Pu) may result as a result of using winds which are small in

magnitude and variable in direction; typically there is a large degree of variability in

these wind fields making transport estimates subject to a significant amount of

uncertainty. In order to evaluate some of the error, the model was run in two different

modes. The first mode allowed the winds to vary linearly in time between hourly

observations. The second mode assumed the winds to be constant throughout the

hour until the next observation. Both methods are felt to be defensible ways to treat

these light and variable winds, although they will result in slight differences in wind

speed and direction between the observing times. Our goal in performing this two-

method approach was to evaluate the sensitivity of the model to the treatment of winds

under these variable meteorological conditions.

After comparing the model deposition results with surface sampling for Pu, a
reanalysis of the model was expected to be done using winds defined so as to bring

the predicted results into closer agreement with the observed Pu deposition patterns.

For reasons to be given later, this second analysis was not performed.

A variety of particle sizes were likely produced during the fire. To account for

* these various size particles, a number of settling velocities were used in the MESOI
2.0 simulations. Table 2 lists the geometric size ranges and the associated settling

velocities (taken from Appendix A). The model was modified to incorporate the

settling velocity by allowing the particles in the puff to settle towards the surface with

time. The settling of the puff occurred at each 10 min time step with the height of the

puff being decreased incrementally by the product of the settling velocity and the time

step. The puff continued to diffuse vertically and horizontally while the center of the

puff moved closer to the surface. When the center of the puff reached the surface, no

more settling was allowed and a puff height of 0.0 m was used in the diffusion

equations. For the the 12 micron and < 5 micron particles very little adjustment

occurred, i.e., a decrease in height of only 144 m and 36 m per hour respectively.

Another variable that needs to be quantitatively described for simulations with

MESOI 2.0 is the release height of the Pu. The actual height of the smoke plume was

difficult to estimate during the fire. One unidentified observer indicated that the smoke

rose to a height of 400 ft (123 m). The exact time of the observation is unknown, but

was during the fire (1575 to 1615 LST). Clearly the height estimate will depend on the

perspective of the observer and their experience at estimating heights. During the

* time of the fire, it might be expected that the heated plume of smoke would rise in the

atmosphere until it reached a height where, because of adiabatic cooling and mixing
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* with the surrounding air, it would attain a temperature equal to that of the surrounding

atmosphere, at which point it would rise no farther. By examining the atmospheric

soundings, a slightly heated plume with little or no entrainment could have risen to

about 1800 m before reaching a stable layer. To account for both the observed (123

m) and the estimated (1800 m) plume height, the model was run with both release

heights.

The last piece of information needed for a model run is a source term describing

how much material was available for transport and removal via meteorological

processes. A source term for the atmospheric release of Pu from the burning warhead

was estimated to be between 0.5 g to 7.5 g depending upon the assumed mass of Pu

in the warhead (see Appendix A). The model was run with a unit source term of

(1.0 g); because MESOI 2.0 is linear (that is, there is a direct proportionality between

Pu deposition and the source term), any increase in the source term would be

reflected in a proportional increase in the associated deposition. Results may be

scaled accordingly.

The model simulations may be summarized as follows. Simulation periods

were for 3 hours, the source terms were fixed at 1.0 g, two release heights were

* examined (123 m and 1800 m), two methods were used to evaluate the wind fields

and simulations were done using a series of settling velocities. For all of these cases,

the 10-min positions of the puffs and the cumulative surface deposition values were

noted. Both the trajectories and the deposition patterns were examined.

Figure 2 shows the puff trajectories of low level releases. These trajectories are for

both time varying surface winds (Figure 2a) and constant winds (Figure 2b), a 123-m

release height and no settling velocity. The settling velocity was removed from these

calculations in order to visualize the trajectories for a simplified situation. They show

that the plume moved initially from the NNE and then veering as a result of a shift in

the winds from the NW. At approximately 1630-1700 LST (about 1-1/2 to 2 hours after

the accident initiation), the trajectories shifted to the east, coming back on their path

and nmoving to the W. This indicates that the winds used in the model for both modes,

constant layer and time varying, will keep the released material in or near the accident

site during the first two hours after the start of the accident.

6



Trajectories for the 1800 m release with no settling velocity are not shown since
they will move to the SSE at a constant speed of 3 kts, i.e., the direction and speed at
the top of the boundary layer. Material transported at this level will be continually
moving away from the accident site.

The potential Pu deposition from the puffs released at 123 m height was

examined first. Figure 3 shows the deposition results from the model for 20 micron
particles. All of the simulations with the 123 m release height produced maximum
predicted deposition of Pu very near the source. The locations of the maximbJm ground

deposition from the model simulation are SW to SE of the release point. The location
of the modeled highest deposition for 20 micron particles was located approximately

0.7 km SE of the BOMARC site (Figure 3a).
The model was rerun with a release height of the puffs at 1800 m. An additional

complication was postulated for scenarios in which the puff was released at 1800 m;
saturation of a parcel of air containing the puff should have occurred at about 1500 m.
(that is, water condensation would have been expected to occur in a parcel of air lifted
to this height, given the observed temperature and moisture conditions). This
saturation estimate is based on an adiabatic puff rise using the surface temperatures
and dewpoints from Lakehurst and McGuire. Associated with such condensation is
the possible downward transport of Pu by raindrops, increasing the possible range of
settling velocities to as much as 1 and 3 m/s. However, due to the dryness of the
boundary layer air, any rain drops formed would evaporate before reaching the
ground. To account for the possibility of raindrops reaching the surface, simulations
were performed with 3 m/s and 1 m/s (Figures 4 and 5) fallspeeds.

The predicted Pu deposition isopleths for the 1800 m insertion are shown in
Figures 4 through 9. In each case the "a" figure depicts results using the time varying
winds and the "b" figure depicts results using constant winds. Figures 4 and 5 using

the 3.0 and 1.0 m/s settling velocity show that with an 1800 m release height the
maximum deposition occurs 2.5 km to the SE of the accident site for both modes of

wind field analysis (constant winds and time varying winds). As the particle sizes
being modeled become smaller the maximum deposition moves further away from the
accident site. The predicted Pu deposition isopleths show that the maximum modeled
deposition would occur for particles < 20 microns (Figures 8-9), just W of the
intersection of Highways 539 and 70. The orientation of these patterns along a NNW

to SSE line show the influence of the wind at the top of the boundary layer on the
movement of diffusing puffs. As noted in the section discussing Table 2, there is little

* effect on the height of the puffs for settling velocities for particles < 20 microns.
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The actual changes in the wind speed and direction that may have occurred

during the time period of the accident may have altered the real patterns. Because of

this, these patterns in Figures 3-9 were considered a first estimate for use in selecting

a surface sampling area.

IDENTIFICATION DE S•.•FLAE SAMPLING AREAS

Based on the above results, an area for FIDLER measurement of ground

contamination was selected that covered all the maximum isopleths shown in Figures
3-9 (Figure 10). This figure was submitted to SAIC which in turn established a FIDLER

sampling matrix. Measurements were subsequently made at the positions shown in
Figure 11 and 12, and the results of the FIDLER survey presented to BNW (Appendix

B).

COMPARISON WITH FIDLER SAMPLING RESULTS

To verify the presence of Pu deposition in the area predicted by the modified

* MESOI 2.0 code, radiation readings of selected ground surfaces using a FIDLER

instrument were made. After the readings were taken, SAIC requested that a

comparison be made between the model results and the observed FIDLER
measurements in an attempt to adjust the model parameters to bring about better

comparisons, and then to perform a reanalysis of areas of possible Pu deposition.

Comparison of the two data sets was difficult as a result of the uncertainty in the
radiation measurements (including measurement and calibration procedures,

definition of the lower limit of detection, the protocol to determine the variation in

backgrounds as a function of time or locations, and uncertainty estimates as a function
of counting level). Plotting 141 of the 146 uninterpreted surface samples (5 samples

could not be located) given in Appendix B produced no cohesive patterns (Figures 11
and 12). Because no pattern was found, an iteration of the modified MESOI 2.0 was

not performed.

Although no pattern was found, estimates of the total Pu deposited as a result of

the fire, D, were estimated by using the FIDLER results in the following formula:
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D= .depi * areai*K

where depi is the estimated Pu deposition in curies/m2 at sampling point i, areai is the
weighted area assigned to sampling point i, and K is the conversion factor from
cures/m2 to g/m 2 . A mix of 95% Pu2 39 and 5% Pu2 40 was assumed, yielding a
value of K of approximately 15 g/ci.

Using 141 samples in the deposition equation, the deposition of Pu Was
calculated to be 20 g in the surveyed area between Highway 70 and the accident site
(Figure 10.) This value was believed to be unrealistically high, based on the Pu burn
analysis in Appendix A. By using a series of low-level discriminators ranging from
background to 2.5 times background, deposition values for Pu could range from
approximately 20 to 0 g ( see Figure 13).

When examining the FIDLER results further, an area with twice the
average of the radiation measured values were found to exist along Highway 70 (see
D in Table 3 and Figure 12). These higher reading may have been due to deposition
since this area was predicted by MESOI 2.0 to have high deposition for the 1800-m

* injection height for < 20 micron particles (see Figures 7-9). However, other
possibilities can be suggested.

One possibility is that the highway was constructed of material which would
yield a higher background count. It is also possible that the instrument variations were
higher in this area. Without soil measurements to confirm the presence of Pu and the
uncertainty that exist in interpreting the FIDLER measurements, no conclusion can be
drawn as to the cause of these higher readings.

CONCLUSIONS

Model simulations to describe the deposition of Pu all showed well defined
patterns south of the BOMARC missile site. No pattern could be discerned when the
SAIC FIDLER survey results were plotted. Since no pattern was discernable, a second
iteration of the modified MESOI 2.0 code was not performed.

One area along Highway 70 was identified as having higher average values of
radioactivity than the other surveyed areas. A comparison with model results did
indicate the possibility of Pu deposition along the highway. However, because of the. uncertainty associated with the FIDLER measurements and the fact that no soil
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* samples were made available to BNW to confirm the presence of Pu, no definite
conclusions can be stated to explain these higher readings.

Calculations of deposition indicate a possible range from 0 to approximately
20 g. The exact amount is strongly dependent on the specified lower limit of detection.
The 20 g deposition value was considered larger than what would be expected by the
burn analysis (Appendix A), where the release values were postulated to be between
0.5 to 7.5 g released to the atmosphere.
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*IABLE.L

Meteorological Observations, 7 June1960

Time Wind Direction/ Ceiling (ft)/ Temperature (OF)/
LST L,.e J1 B.ky Cove ew Point CDlComent

McGuire &i Force B=s

1500 NNE/3 4500/Broken 74/50 Winds Variable
1600 NW/2 5000/Broken 75/47 Winds Light and

Variable
1623 WNW/4
1700 NW/2 5000/Scattered 75/48 Winds Light and

Variable
1800 W/5 5000/Scattered 75/47

Lakehurst Naval Air Station

1500 NNE/2 4000/Broken 75/52 Wind Direction
Variable N-E

1600 W/1 4000/Broken 75/50 Wind Direction
Variable W-ENE

1700 ESE/7 4500/Broken 73/47
1800 SE14 4500/Scattered 72/51 Wind Direction

Variable E-S

0
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0TABLE2,

Settling Velocities For PuO2

Size Settling
(microns) Velocilyjmr

< 5 0.01

12 0.04

20 0.12

30 0.3

75 1.0

200 3.0

0

0
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*TAL 3
Average Deposition From Radiation Reading

FIDLER

Sample Set Number of Samples Average Value
(microcuries/m 2)

A 52 0.013
B 43 0.016
C 26 0.013
D (near Highway 70) 20 0.033
Total 141 0.017

"5 sites could not be located

0

0
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Balele ,,ProjectNumber BOMAPC
Pacific Northwest Laboratories Internal Distribution

WE Davis K6-08
RR LaBarge K6-01

oat. August 14, 1988 PJ Mellinger K5-11
EB Moore K6-55

To Distribution File/LB

From Jofu Mishima, Source Term

Subject PROPOSED SCENARIO FOR BOMARC INCIDENT IN SHELTER
204, 6/7/60

INCIDENT

At approximately 1500 LST (3:00 P.M.), a fire was detected by sensors in shelter
204 at the BOMARC missile site adjacent to McGuire Air Force Base, New Jersey
(Koshliek and Sherard 6/8/60). The shelter was unattended at the time (crew
was not present) and the BOMARC (BOeing-Michigan Aeronautical Research Center)
missile was in a "ready" state. Pumper 530B from the base (tanker with 30,000
gallons of water at 80 psi static and 40 psi residual pressure plus a crew of
four) responded to the alarm within 3 to 5 minutes (Koshliek and Sherard
6/8/60). Approximately 100 lb of carbon dioxide in an extingui-sher was applied
to control the fire by wedging the hose in the door prior to the order to
evacuate due to the perceived hazards (Koshliek and Sherard 6/8/60). "The

* fire completely engulfed the warhead, causing it to melt and release Pu-239
to the floor of the shelter" (Young 11/22/72). (I do not know how this is
inferred if no one was present. Furthermore, it is contrary to the normal
physical behavior of plutonium metal to simply melt.) "After the fire died
down, EOD (Explosive Ordinance Demolition)personnel went into the area to
check it out. Firemen were cleared approx. 15 minutes later" (no exact times
given)(Koshliek and Sherard 6/8/60). "Firemen proceeded to put water on the
shelter trying to concentrate on warhead section. Time after time area was
checked and each time firemen mover closer to shelter until a line could be
brought into shelter (Koshliek and Sherard 6/8/60). The fire was brought
under control by 1615 hr (Anon 6/27/60). " . order to cease operations and
leave lines charged and men returned to quarter (approx. 2000 hr). Approximately
30,000 gallons of water were used (Koshliek and Sherard 6/8/60).

The IM-99A missile 586950 (ADC 1060) and the high explosives were completely
burned (Young 11/22/72. The 100 pounds of high explosives (HE) in the nuclear
device did not explode but "cooked-off" (burned or, more descrip-tively, flared
within a short period of time, seconds). Approximately 8,500 lb of fuel were
onboard (IRFNA, ANPA, JPX, 80 octane gasoline)(Anon 6/27/60). 1.0 to 1.5 kg
of plutonium were not recovered (Botts fax to Mishima 7/17/89).
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BOMARC MISSILE
(Boeing Background Information sheet, March 1984)

The BOMARC (BOeing Michigan Aeronautical Research Center) supersonic IM-99
Interceptor Missile was a United States Air Force ground-to-air weapon designed
to destroy attacking aircraft and missiles. The program was authorized in
1949. "The missiles were housed on a constant combat-ready basis in individual
launcher-shelters. Upon receiving the alert signal the shelter roof slid
back and the Bomarc was raised on its erector arm to its vertical launch
position. The erector then descended and the missile was fired." The missile
was initially launched by a rocket assist and propelled by two ramjet engines.
Two versions were deployed - IM-99A (269 produced) and IM-99B (301 produced).
"IM-99A was phased out of operations during 1964. The final IM-99B was produced
in 1962. Bomarc B bases were located at ... McGuire AFB, New Jersey; ... ".

The IM-99B specifications are:

Wing span 18 ft 2 in.
Overall length 45 ft
Height 10 ft 2 in.
Fuselage diameter 35 in.
Takeoff weight ~16,000 lb gross
Power Solid rocket takeoff (Thiokol) 50,000

lb thrust;
Two ramjet engines (Marquardt)
12,000 lb thrust each

Range '400 miles

The IM-99A, involved in this incident, is similar to the IM-99B but used a
liquid fueled (80 octane gasoline and fuming nitric acid) rocket assist. Use
of a solid fuel rocket engine provide more space for the ramjet engine fuel
extending the range of the IM-99B. (A photo of the missile ready to be launcheo
is shown in Figure 1.)

ENCLOSURE

A sketch of the launcher-housing is shown in Figure 2. The area housing the
missile is n3 ft 2 in. wide by 60 ft 4 in. in long. Large sliding doors are
found at both ends of the enclosure. The tail end of the missile projects
over the "pit" area at the back end of the enclosure (see Figure 3) to allow
the missile to be positioned for launch. Thus, most of the length of the
missile containing the warhead would extend into the front portion of the
enclosure that is slightly sloped towards the door. The forward portion of
the enclosure in front of the pit is approximately 36 ft long and would normally
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be almost filled by the missile. The pit area is 1 10 ft 5 in. wide by 23 ft
9 in. long and is 3 ft 7 in. deep. The surface area of the "pit" is 247 sq
ft with a volume of 6600 gal. The roof is divided almost on the centerline
of the missile and each half slides sideways towards the sides of the enclosure.
The height of the missile is 10 ft 2 in and, at the "ready" condition, the
missile would be elevated some distance above the floor of the enclosure.
(An idea of the height the missile is above the floor can be obtained by
reference to Figure 1 that shows the pivot point of the launcher is
approximately at chest height to the personnel in the photo.)

POSTULATED SCENARIO

It is postulated that the failure of the high-pressure gas system ruptured
the fuel line to the missile and released the liquid fuel (jet fuel and 80
octane gasoline plus fuming nitric acid)(Anon 8/27/60). The liquid fuel poured
into the pit area where it ignited and burned, thereby displacing the rear
portion of the roof over the "pit" area. It is postulated that the carbon
dioxide and water used to combat the fire temporarily retarded the burning.
During the initial fire-fighting efforts, some water is assumed to have entered. the shelter and some may have collected in the "pit". The liquid fuel, which
is immiscible although some water is adsorbed in the fluid, floated on the
surface and continued to burn. This initial burning was confined to the tail
portions of the missile. Other combustibles (e.g., papers, rags, wood, plastic)
present in the enclosure were subsequently ignited.

It is postulated that the "mufflej• explosions heard after approximately 15
min. (Young 11/22/72) were caused by the rapid burning of the high explosives
in the warhead that was ignited by heat conducted through the metal portions
of the missile and/or flames blown periodically in that direction. The rapid
input of heat in a limited area resulted in the ignition of the plutonium and
structural failure of members in the warhead section causing the nose of the
missile to sag to the floor and releasing the ignited plutonium. (Plutonium
is normally covered by a thin coating of non-radioactive metal to reduce the
spread of contamination during handling. That coating is assumed to have
melted or failed during the intense heat of the high explosive "cook-off".)
Ignited plutonium looks like burning coal without the visible flames (Felt
1967, Figure 3, front piece). Owing to the high temperature from the heat of
oxidation, the metal in the interior is molten. Periodically, the volume
expansion of the oxide crust (which resembles slag) and internal pressure
from the volume expansion of the molten metal caused cracks in the surface
allowing molten plutonium to flow like lava down the mound of plutonium oxide.
Water overflowing from the "pit" would flow down the slight incline to the
front doors and may or may not have carried burning liquid fuel floating on
its surface. The high temperature of the molten plutonium-oxide pile would
cause the water near the surface to form steam providing a barrier separating. the molten plutonium-ox-ide pile from liquid water and reducing heat loss from
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the mass. Based upon experimental observations with large plutonium billets
(Mishima 1966, Table II, r. 13) and the large surface-to-volume ratio of the
plutonium shape present, all the metal is assumed to have oxidized within 1
hour.

SOURCE TERMS

Two types of source terms are necessary to understand the atmospheric dispersion
of plutonium oxide particles resulting from the fire: 1) radiological and 2)
heat. The radiological source term covers the fraction of the plutonium that
may be released to the air with time and the particle size distribution of
the material released. The mass release rate of the oxide generated is required
to define the material released to the fire plume with time. The mass of the
plutonium dioxide particles in each size fraction must be known to determine
the behavior of the material once it is released to the ambient atmosphere.
The heat source term defines the heat energy released to the fire plume and
it is used to determine the buoyancy of the plume. The buoyancy of the plume

*L determines the height the plume may achieve before being affected by the local
meteorological conditions. The height at which the particles are released to
the ambient atmosphere determines, along with the local meteorological
conditions, the distance and direction the released plutonium dioxide particles
will travel and when they may be deposited on the ground or vegetation. The
next two sections will discuss the two source terms separately since they
will be used at separate points in the dispersion znd transport calculations.

* Radiological Source Term

The fraction of plutonium made airborne as a consequence of a fire is dependent
upon a variety of factors - oxidation rate, oxidation conditions, local airflow,
etc. Several experiments have been conducted to measure the plutonium made
airborne during oxidation and, in one case, the size distribution of the
particles collected. Stewart (Mishima 1964, p 8) based upon laboratory and
field experiments (200-g pieces of plutonium metal were suspended in a chimney
over a burning pool of gasoline) determined that an airborne release fraction
of 0.05 wt - bound most releases from ignited, oxidizing plutonium metal.
Mishima (1965, 1966) measured the airborne release of plutonium from ignited
metal in flowing air. Releases in the 0.001 to 0.0001 wt % range were measured
for the small pieces at airflow velocities that ranged from 3.3 TO 50 cm/sec
(Mishima 1965, Table III, p. 13). For pieces ranging from 455.5 g to 1770 g
lying on a horizontal surface, airborne releases of 0.00039 to 0.049 wt %
were measured at airflow velocities in the collection hood of 525 cm/sec.
The Mass Median Diameter (using Projected Diameter) was measured at 4.2
micrometers (Mishima 1965, Figure 5, p. 11), a value that agrees with the
size distribution suggested by Stewart based upon laboratory experiments on
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plutonium metal (1963, Figure 10, p. 564). The size distribution of the
airborne particles from one experiment (using Scanning Electron Microscopy)
is shown in Figure 4.

The Aerodynamic Equivalent Diameter of airborne particulate materials defines
their transport characteristics and the fraction that can be deposited in the
lungs. The density of plutonium dioxide is 11.46 g/cu cm and the Aerodynamic
Equivalent Diameter of a 4.2 um Projected Diameter particle is approximately
14 um. Based upon laboratory measurements, Carter and Stewart (1970, Table
IV, p. 835) reported a fractional airborne release of 0.01 wt 4 for particles
10 um and less from ignition and burning of plutonium, 1.0 wt 3% from melting
and from partial disruption of liquid metal droplets. Additional data on
the fractional airborne release of plutonium is given by Chatfield (1968).

The conditions found during the BOMARC fire are most similar to those described
in Stewart's outdoor experiments with the exception of the presence of water
and perhaps more turbulent local conditions. Mishima's measurements were
performed on masses approaching those considered here. Both indicate that
the fractional airborne release during the course of the event for plutonium
dioxide particles that could be suspended is in the range of 0.05 wt. %. The
local turbulence could rEsult in higher local suspension from the suspension

* of large particles that would fall out in the enclosure or be lost rapidly.

Therefore, it is assumed that 0.05 wt. % of the plutonium involved is suspended
and carried in the plume from the fire. The total mass of plutonium is not
known. Assuming masses of 1, 5, 10 and 15 kg, the fractional airborne releases
would be 0.5 g, 2.5 g, 5.0 g and 7.5 g of plutonium as dioxide over the course
of the event, respectively.

Owing to the uncertainty of the oxidation rates during this event (the oxidation
rate is a function of the type of metal, the surface area oxidizing, the air
carried to the interface of the metal and oxide adhering to the metal, etc.),
it is further assumed that the release rate is linear from 1515 LST to 1615
LST. Therefore, the release rates are 0.0083 g Pu/min, 0.042 g Pu/min, 0.083
g Pu/min, and 0.125 g Pu/min, respectively.

The size distribution reported by Mishima (1965, Figure 5, p. 11) shown in
Figure 4 is also assumed.

* Heat Source Term

The heat generated from the fire is dependent upon the materials burned (e.g.,
liquid combustibles, solid combustibles), their heats of combustion, the burning
efficiencies, etc. Many of these factors cannot be determined for the
conditions during this incident. The convective heat generated during the
portion of the fire during which plutonium particles are assumed to be released
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(1515 to 1615 LST) will be estimated for this scenario based upon known
information and engineering judgement.

The fuels present (e.g. jet fuel, 80 octane gasoline) are assumed to be only
located in the fuel tanks toward the tail section of the missile. The initial
release is assumed to vaporize some quantity of fuel resulting in a "'fire
ball" commonly observed in fires involving the rapid release of liquid
combustible fuels. The remainder of the fuel is assumed to fall to the bottom
of the "pit" and burn at that location. The surface area of the "pit" is
approximately 247 sq ft. requiring 1851 gallons of fuel to fill the pit to a
level of 1 ft. Burning fuel does not spread to the same distance as unignited
fuel owing to the increased surface tension created by the evaporation of
fuel from the surface. A portion of the heat from the flames radiates back
to the surface of the liquid, evaporating fuel that entrains air along its
edges as it rises. When the fuel-air mixture is combustible, the mixture is
ignited by the flames anchored at that location. If the conditions are such
that the fuel-air mixture cannot ignite owing to lack of oxygen, the flames
could anchor at an opening where oxygen is available (e.g., the open portion
of the roof of the enclosure). If wind velocity displaces or obstructions
shield the flame from the liquid pool, lesser quantities of heat are radiated
to the surface, reducing the burning rate. The attempt to extinguish the

* fire with carbon dioxide probably retarded the fire, diminishing the fuel
consumption and heat generation rates. The presence of water in the pit also
has a similar effect by cooling the fuel reducing evaporation, and by water
absorbed in the liquids that increases the heat required to vaporize the fuel.
The presence of a water vapor and mist in the shelter atmosphere reduces the
radiant heat transfer to the surface. Only a portion of the heat generated
by the burning goes into radiant heat, and the remainder can be transferred
by conduction or convection (used to heat the air). Tewarson (1980) provides
factors for the division of heat into various mechanisms and burning
efficiencies. Other mechanisms (e.g., incomplete conversion, cracking of
molecules, conversion of nitrogen in air into oxides of nitrogen) can also
reduce the heat transferred. The convective heat transfer is an important
parameter in defining plume buoyancy.

The amount of other combustible materials present (e.g., papers, rags, wood,
oils/greases, plastics) is not known but combustion of other materials would
also contribute to the heat generation after the first few minutes.

If we assume that 1000 gallons of jet fuel (similar in behavior to kerosene)
and 1000 gallons of 80 octane gasoline were present, the heat generation from
these materials during the period of interest could be estimated by assuming:
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* 54 of the more volatile fuel (80 octane gasoline) were vaporized
and burned during the initial "fire ball" portion of the fire.

* the vaporization rate from a standing pool for gasoline is
approximately 6 to 12 inches per hour and 5 to 8 inches per hour
for kerosine (NFPA 1976, p 3-25, Burning Rates of Liquids): Assume
the more volatile fraction (gasoline) is evaporated first.

a the vaporization rate after 1515 LST is reduced to one half the
normal rate by the fire-fighting efforts.

The volume of the "pit" is 6600 gallons. The total volume of fuel (2000
gallons) would fill the "pit" to 0.303 its' capacity Ja depth of approximately
1 ft. half (6 in.) gasoline and half (6 in.) kerosene]. The fraction of the
fuels consumed during the first 15 min of the fire are:

0 5% (50 gallons) of gasoline (during the Nfire ball"); and,

* half of the remaining 95% (950/2 gallons = 475 gallons) of gasoline.

* The remaining gasoline (approximately 475 gallons) are consumed in 30 min at
the reduced rate indicated above. A quarter of the kerosine (jet fuel) is
consumed in the remaining 30 min of the period of concern. A nominal heat of
combustion of organic fuels is approximately 20,000 Btu/lb (5040 kg-cal).
The density of liquid organic fuels is approximately 6 lb/gal. At a burning
rate of (475 gal/30 min =) 15.83 gallons/min (X 6 pounds/gallon =) 95 lb of
fuel per min are burned generating 1.9 X 1OE+6 Btu/min over the first 30 minutes
of the period.

Over the second 30 min of the period (1545 to 1615 LST), kerosene is burning
at the rate of (250 gal/30 min =) 8.33 gal/min generating (8.33 gal/min X 6
pounds/gallon X 20,000 Btu/pound -) 1OE+6 Btu/min.

Tewarson (1980, Table 2, p. 27) found the combustion efficiencies for solid,
non-aromatic combustibles ranged from 0.35 to 0.99, the convective heat transfer
coefficient ranged from 0.17 to 0.76, and the radiative heat coefficient ranged
from 0.14 to 0.53. Although determined for solid materials, it is believed
that the coefficients can also be applied to liquid pool fires. Given a
convective heat transfer coefficient of 0.25, the convective heat energy
generation rates would be 4.75 X 1OE+5 Btu/min from 1515 to 1545 LST and 2.5
X 10 E+5 Btu/min from 1545 to 1615 LST. If a convective heat transfer
coefficient of 0.75 is assumed, the convective heat generation rate would be
1.43 X 1OE+6 Btu/min from 1515 to 1545 LST and 7.5 X IOE+5 Btu/min for the
remainder of the period.

The quantity of other combustible fuels burned during the event cannot be
estimated with the information currently available. It is presumed, owing to
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the higher burning rates of the liquid fuels, that any contribution from other
fuels would not substantially increase the energy generation conservatively
estimated here. The other fuels may have extended the total time of burning.

UNDEFINED PARAMETERS

1. Better definition of the sequence of events - How long did the fire burn
uncontrolled? When was the liquid fuel all burned up? How long was
water poured on the debris in the structure? Was the water directed
into the enclosure sprayed on the debris or was the water directed upon
certain objects?

2. What are the tank capacities for liquid fuel for the model present?

3. What amounts of other combustible materials were present?

4. The total amount of plutonium involved in the event?
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APPENDIX B

FIDLER SURVEY JJJT

Appendix B contains the FIDLER survey results received from SAIC. The
results include the raw counts per minute (cpm) along with the steps in subtracting out

the background (81 cpm), the conversion to disintegrations per minute (d,:-n), the

conversion to dpm/m 2 , and finally the conversion to microcuries per m2 .

FINAL DRAFT FINAL DRAFT



Background = 81 cpm

Sampler ID Gross cpm Net cpm dpm dpm/m 2  lLCi/m2

Al/A 102.00 21.00 4.81 E2 3.80E4 1.71 E-2
B2/B 92.00 11.00 2.52E2 1.99E4 8.96 E-3
Soil(l) 96.67 15.67 3.59E2 2.83E4 1.28E-2
Soil(2) 106.00 25.00 5.73E2 4.52E4 2.04E-2
Soil(3) 115.33 34.33 7.87E2 6.21 E4 2.80E-2
Soil(4) 125.33 44.33 6.02E3 8.02E4 3.61 E-2
Soil(5) 128.67 47.67 1.09E3 8.62E4 3.88E-2
Soil(6) 115.33 34.33 7.87E2 6.21 E4 2.80E-2
Soil(7) 112.00 31.00 7.10E2 5.61E4 2.52E-2
B-8 82.00 1.00 2.29E1 1.81E3 8.14E-4
S-9 112.67 31.67 7.25E2 5.73E4 2.58E-2
B-10 103.33 22.33 5.12E2 4.04E4 1.82E-2
B-11 115.33 34.33 7.87E2 6.21E4 2.80E-2
B-12 127.33 46.33 1.06E3 8.38E4 3.77E-2
B-13 108.67 27.67 6.34E2 5.00E4 2.25E-2
B-14 130.00 49.00 1.12E3 8.86E4 3.99E-2
B-15 124.67 43.67 1.00E3 7.90E4 3.56E-2
B-16 108.67 27.67 6.34E2 5.00E4 2.25E-2
B-17 112.67 31.67 7.25E2 5.73E4 2.58E-2
B-18 96.67 15.67 3.59E2 2.83E4 1.28E-2
B-19 106.67 25.67 5.88E2 4.64E4 2.09E-2
B-7 ...- -.

B-6 99.33 18.33 4.20E2 3.31 E4 1.49E-2
B-5 186.00 105.00 2.41 E3 1.90E5 8.55E-2
B-4 86.00 5.00 1.15E2 9.04E3 4.07E-3
A-2 122.00 41.00 9.39E2 7.41 E4 3.34E-2
A-3 89.33 8.33 1.91 E2 1.51 E4 6.78E-3
A-4 106.00 25.00 5.73E2 4.52E4 2.05E-2
A-5 130.67 49.67 1.14E3 8.98E4 4.05E-2
A-6 99.33 18.33 4.10E2 3.31 E4 1.49E-2
A-7 103.33 22.33 5.12E2 4.04E4 1.82E-2
A-8 117.33 36.33 8.32E2 6.57E4 2.96E-2
A-9 102.00 21.00 4.81E2 3.80E4 1.71E-2
A-10 95.33 14.33 3.28E2 2.59E4 1.17E-2
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* Sampler ID Gross cpm Net cpm dpm dpm/m 2  gCi/m2

A-11 142.00 61.00 1.40E3 1.10E5 4.98E-2
A-12 123.33 42.33 9.70E2 7.65E4 3.45E-2
A-13 110.67 29.67 6.80E2 5.36E4 2.42E-2
A-14 175.33 94.33 2.16E3 1.71E5 7.68E-2
A-15 102.67 21.67 4.96E2 3.92E5 1.76E-2
A-16 92.67 11.67 2.67E2 2.11 E4 9.50E-3
A-17 92.00 11.00 2.52E2 1.99E4 8.96E-3
A-18 88.67 7.67 1.76E2 1.39E4 6.24E-3
A-19 90.00 9.00 2.06E2 1.63E4 7.33E-3
A-20 99.33 18.33 4.20E2 3.31 E4 1.49E-2
A-21 101.33 20.33 4.66E2 3.68E4 1.66E-2
A-22 87.33 6.33 1.45E2 1.15E4 5.16E-3
A-23 82.00 1.00 2.29E1 1.81E3 2.14E-4
A-24 114.67 33.66 7.71 E2 6.09E4 2.74E-2
A-25 108.00 27.00 6.19E2 4.88E4 2.20E-2
A-26 112.00 31.00 7.10E2 5.61E4 2.52E-2
B-20 97.33 16.33 3.74E2 2.95E4 1.33E-2
B-21 91.33 10.33 2.37E2 1.87E4 8.42E-3
B-22 94.00 13.00 2.98E2 2.35E4 1.06E-2
B-23 90.67 9.67 2.21 E2 1.75E4 7.87E-3
B-24 114.67 33.66 7.71E2 6.09E4 2.74E-2. B-25 100.67 19.67 4.51 E2 3.56E4 1.60E-2
B-26 107.33 26.33 6.03E2 4.76E4 2.14E-2
B-27 97.33 16.33 3.74E2 2.95E4 1.33E-2
B-28 95.33 14.33 3.28E2 2.59E4 1.17E-2
B-29 107.33 26.33 6.03E2 4.76E4 2.14E-2
B-30 94.67 13.67 3.13E2 2.47E4 1.11E-2
B-31 85.33 4.33 9.93E1 7.84E3 3.53E-3
B-32 91.33 10.33 2.37E2 1.87E4 8.42E-3
B-33 90.00 9.00 2.06E2 1.63E4 7.33E-3
B-34 79.00 --..

B-35 85.33 4.33 9.93E1 7.84E3 3.53E-3
B-36 101.33 20.33 4.66E2 3.68E4 1.66E-2
B-37 88.GO 7.00 1.60E2 1.27E4 5.70E-3
B-38 86.67 5.67 1.30E2 1.02E4 9.62E-3
B-39 90.67 9.67 2.21E2 1.75E4 7.87E-3
B-40 91.33 10.33 2.37E2 1.87E4 8.42E-3
B-41 90.67 9.67 2.21 E2 1.75E4 7.87E-3
B-42 114.00 33.00 7.56E2 5.97E4 2.69E-2
B-43 104.67 23.67 5.42E2 4.28E4 1.93E-2
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Sampler ID Gross cpm Net cpm dpm dpm/m2  g.Ci/m 2

C-1 91.33 10.33 2.37E2 1.87E4 8.42E-3
C-2 102.00 21.00 4.81E2 3.80E4 1.71E-2
C-3 98.00 17.00 3.89E2 3.07E4 1.38E-2
C-4 104.67 23.67 5.42E2 4.28E4 1.93E-2
C-5 117.33 36.33 8.32E2 6.57E4 2.96E-2
C-6 97.33 16.33 3.74E2 2.95E4 1.33E-2
C-7 148.67 67.67 1.55E3 1.22E5 5.51 E-2
C-8 107.33 26.33 6.03E2 4.76E4 2.14E-2
C-9 95.33 14.33 3.28E2 2.59E4 1.17E-2
C10 96.00 15.00 3.44E2 2.71 E4 1.22E-2
C-24 88.67 7.67 1.76E2 1.39E4 6.24E-3
C-23 88.67 7.67 1.76E2 1.39E4 6.24E-3
C-22 100.00 19.00 4.35E2 3.44E4 1.55E-2
C-21 74.00 ......
C-26 73.00 -- .-
C-19 95.33 14.33 3.28E2 2.59E4 1.17E-2
C-18 85.33 4.33 9.92E1 7.84E3 3.53E-3
C-17 113.33 32.33 7.41E2 5.85E4 2.63E-2
C-16 105.33 24.33 5.57E2 4.40E4 1.98E-2
C-15 94.00 13.00 2.98E2 2.35E4 1.06E-2
C-11 97.33 16.33 3.74E2 2.95E4 1.33E-2
0-12 92.00 11.00 2.52E2 1.99E4 8.96E-3
C-13 98.67 17.67 4.05E2 3.19E4 1.44E-2
C-14 95.33 14.33 3.28E2 2.59E4 1.17E-2
A-27 82.00 1.00 2.29E1 1.81E3 8.14E-4
A-28 87.33 6.33 1.45E2 1.15E4 5.16E-3
A-29 88.67 7.67 1.76E2 1.39E4 6.24E-3
A-30 86.67 5.67 1.30E2 1.02E4 4.62E-3
A-31 92.00 11.00 2.52E2 1.99E4 8.96E-3
A-32 79.00 --...

A-33 85.33 4.33 9.92E1 7.84E3 3.53E-3
A-34 76.67 - ...
A-35 90.67 9.67 2.21E2 175E4 7.87E-3
A-36 86.00 5.00 1.15E2 9.04E3 4.07E-3
A-37 77.33 -....

A-38 74.67 ......
A-39 75.33 .....
A-40 80.00 .....
A-41 70.00 ....
A-42 76.00 -...

A-43 82.00 1.00 2.29E1 1.81 E3 8.14E-4
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* Sampler ID Gross cpm Net cpm dpm dpm/m 2  iCi/m2

D-1 135.33 54.33 1.24E3 9.82E4 4.43E-2
D-2 120.00 39.00 8.93E2 7.05E4 3.18E-2
D-3 108.00 27.00 6.19E2 4.88E4 2.20E-2
D-4 140.00 59.00 1.35E3 1.07E5 4.81E-2
D-5 160.00 79.00 1.81 E3 1.43E5 6.43E-2
D-6 115.33 34.33 7.86E2 6.21E4 2.80E-2
D-7 104.67 23.67 5.42E2 4.28E4 1.93E-2
D-8 107.33 26.33 6.03E2 4.76E4 2.14E-2
D-9 110.67 29.67 6.80E2 5.36E4 2.42E-2
D-10 104.00 23.00 5.27E2 4.16E4 1.87E-2
D-1 1 111.33 30.33 6.95E2 5.36E4 2.47E-2
D-12 103.33 22.33 5.12E2 4.04E4 1.82E-2
D-13 156.00 75.00 1.72E3 1.36E5 6.11E-2
D-14 125.33 44.33 1.02E3 8.02E4 3.61E-2
D-15 112.00 31.00 7.10E2 5.61E4 2.52E-2
D-16 157.33 76.33 1.75E3 1.38E5 6.22E-2
D-17 139.33 58.33 1.34E3 1.06E5 4.76E-2
D-18 114.00 33.00 7.56E2 5.97E4 2.69E-2
D-19 120.00 39.00 8.93E2 7.05E4 3.18E-2
D-20 112.67 31.67 7.25E2 5.73E4 2.58E-2
A-44 90.67 9.67 2.21 E2 1.75E4 7.87E-3.A-45 88.00 7.00 1.60E2 1.27E4 5.70E-3
A-46 86.67 5.67 1.30E2 1.02E4 4.62E-3
A-47 104.67 23.67 5.42E2 4.28E4 1.93E-2
A-48 95.33 14.33 3.28E2 2.59E4 1.17E-2
A-49 97.33 16.33 3.74E2 2.95E4 1.33E-2
A-50 105.33 24.33 5.57E2 4.40E4 1.98E-2
A-51 100.00 19.00 4.35E2 3.44E4 1.55E-2
A-52 103.33 22.33 5.12E2 4.04E4 1.82E-2
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APPENDIX I

LINEAR REGRESSION ANALYSIS OF SITE SOIL SAMPLES



* During the course of the BOMARC remedial investigation, EPA Region II exercised oversight
of field activities, and obtained split samples of environmental media (soil, surface water,
groundwater) to verify the results of the Air Force contractor laboratory radioanalysis. Due
to the non-uniform distribution of plutonium in discrete particles within site soils, collection
of split soil samples by the EPA field oversight contractor presented technical problems.

Both the Air Force and EPA believed that it would be impossible to obtain split samples in
the field with approximately equal concentrations of plutonium, due to the non-uniform
distribution of plutonium in site soils. Both parties agreed that if a soil sample was to be spl;.
in the field, it was likely that one half of the sample would contain the bulk of any plutonium
present, and the other half would contain substantially less plutonium, due to the occurrence
of plutonium in discreet partides. Sin~e the purpose of split sample analysis by the EPA was
to perform a quality control check on the Air Force contractor laboratory, the analysis of split
samples containing unequal portions of analyte was considered essentially useless, because
anaiytical results for split samples would not be comparable.

In an attempt to solve this problem, EPA proposed to use a customized sample preparation
scheme to generate split samples with equivalent concentrations of plutonium. Under EPA's
proposed sample preparation scheme, samples would not be split in the field, but would be
shipped to an EPA laboratory for processing. There the samples would be mechanically
pulverized so that soil particles were less than one micron in diam*.ter, and homogenized so
that pulverized plutonium particles would theoretically be equally distributed in the sample.

* The samples would then be split, with one-half of the sample returned to the Air Force
contractor laboratory for analysis, and the remaining half being analyzed by the EPA
laboratory. Using this scheme, EPA hoped to obtain split samples with equivalent
concentrations of plutonium.

EPA took possession of nineteen soil samples generated by the Air Force RI/FS contractors.
EPA intended to process the samples as described above, and return half of each sample to
the Air Force contractor laboratory for analysis. However, subsequent to EPA taking
possession of the soil samples, technical and institutional problems encountered by the EPA
laboratory prevented processing and analysis of the samples, and the data points represented
by the nineteen samples were lost.

All of the lost samples were screened in the field with a hyper-pure germanium detector prior
to shipment offsite, and thirteen of the nineteen samples were also screened with a FIDLER
instrument. While these field measurements are not considered as accurate as laboratory
analysis by alpha spectroscopy, they do provide a close approximation of the actual level of
radioactivity in the samples. Since some of the lost data points were considered critical to
the RI/FS, EPA suggested that the best approach to including the lost samples in the RI/FS
report would be to assign values for plutonium concentration to the lost samples based on
linear regression analysis of existing data points. The Air Force agreed that short of
obtaining actual analytical data, assigning values was a second best approach.
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Using this approach, samples that were analyzed both in the field (FIDLER and hyper-pure
germanium detector surveys) and in the laboratory were analyzed to determine the degree
of correlation between field analytical values and laboratory analytical values generated using
alpha spectroscopy. Preliminary analysis indicated that there was better correlation between
the FIDLER measurements and laboratory data than between hyper-pure germanium
detector surveys and laboratory data. Therefore, linear regression analysis was performed
using FIDLER readings and corresponding alpha spectroscopy data generated for the same
samples.

A population consisting of fourteen soil samples was selected for analysis. This population
included all soil samples for which laboratory alpha spectroscopy analysis was performed and
for which the FIDLER detector registered above-background readings in the field.

A relationship of the form:

Pu-239 activity = a (C/M)**b

was suspected to describe the relationship between C/M and Pu-239 activity, where:

1. Pu-239 activity is in picoCuries per gram (pCilg), dry weight.

2. C/M is the FIDLER reading in counts per minute. This activity was corrected
to background by deducting 90 counts per minute from readings.

3. a, b are constants to describe in the equation

The data were first plotted on log-log graph paper to observe qualitatively if a relationship
existed. As a result, it was decided to use this equation to describe activities greater than 1
pCi/g. That is, the equation will not accurately describe activities less than 1 pCVg and
should not be used for that purpose.

A Hewlett-Packard statistical program was used to obtain curve fitting statistics for the
BOMARC data. The fitted curve is a least-squares description of the best line which fits the
data. The data are presented for 14 samples in Table 1. Three of the data points were not
used since the associated activities were less than 1 pCi/g. The statistics were as follows:

a = .2299

b = .5970

r2 = .8098 (coefficient of correlation)

Thus, the equation used to predict Pu-239 activity from the adjusted FIDLER counts is:
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Pu-239 activity = 2299 (CIM)*.5970

The r2 value of .8098 describes a fit that is reasonable, but not exact. The second column
from the right on Table 1 presents predicted values from the equation for the C/M given.
In some cases, the values are close; in others, they are quite different. For the values
presented, the average percent difference is plus 27 ?ercent. Thus, the equation, on the
average, over-predicts values by a factor of 27 percent

The equation above was used to predict plutonium activity for those samples in possession
of EPA that had FIDLER readings above background. Of the nineteen samples in possession
of EPA, eleven had FIDLER readings above background. As agreed by EPA and the Air
Force, the remaining eight samples, which had either no FIDLER data or FIDLER readings
dose to background, were assigned values of zero for purposes of the RI/FS report.

Table 2 gives predicted plutonium activity for those samples in possession of EPA which did
not undergo laboratory analysis. These assigned values are used in the RI/FS report as
necessary, and wherever they appear, it is noted that the values were assigned rather than
derived by laboratory analysis.
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APPENDIX J

BASELINE RADIOLOGICAL HAZARD ASSESSMENT:

METHODS USED TO ASSESS POTENTIAL RADIOLOGICAL IMPACTS
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1.0 INTRODUCTION

This appendix was prepared to support the analysis provided in the Baseline Risk Assessment
of the Remedial Investigation/Feasibility Study (RI/FS). The objective of the appendix is to
supplement the RI/FS by providing the reader with information to augment and support the
analysis provided in the RIMFS.

Section 1 of this Appendix provides a brief background to information concerning radiological
dose and risk associated with plutonium, as well as modeling uncertainties. Section 2 contains
a discussion of the mechanisms by which radioactivity could potentially be released to the
surrounding environment from the Boeing Missile Aeronautical Research Center (BOMARC)
Missile Site, and the methods for assessing radiation dose from these releases are discussed in
Section 3.

Assessment of potential radiological impacts requires the use of computerized models to describe
the site conditions, the movement of radioactivity, the effect of human activities, and the
resulting radiation doses. The models chosen for this assessment are designed specifically for
situations such as those occurring at the BOMARC Missile Site. They include all site
characteristics and exposure pathways relevant to sites with surface soils that are contaminated
with radioactivity, including transuranic radionuclides. Potential off-site population doses have
been evaluated using the GENII computer code as discussed in Section 3.1 of this Appendix.
Doses to potential on-site intruders have been evaluated using the RESRAD code as discussed
in Section 3.2.

These models require, as input, parameters that describe a variety of site characteristics. For
this assessment, values specific to the BOMARC Missile Site have been used wherever possible.
Where site-specific data are not available the default values have been used. These default
values have been provided by the developers of the models after extensive review of the
environmental literature. They represent generic conditions and are intended to be conservative,
that is, they tend to over-estimate potential radiation dose.

In order to assess the potential impacts from the baseline conditi ns at the BOMARC Missile
Site, many assumptions were made in order to model processes at the site. The assumptions are
based on site-specific characteristics to the extent possible. However, some assumptions are
generic, and, in order to bound potential impacts, most assumptions are conservative (i.e., tend
to maximize any detriment). Some of the uncertainties in dose and risk assessments are
discussed in this Appendix (Section 1.3). The modeling assumptions made in this assessment
are intended only for the purposes of the Baseline radiological assessment of the BOMARC
RI/FS.

1.1 Radiological Hazards Associated with Plutonium and Americium

In general, the calculation of radiation doses to an individual is based on the exposure pathways
by which each radionuclide causes irradiation. Four pathways are considered in this analysis:

1. External exposure from immersion in a radioactive cloud.
2. External exposure from radioactive material on the ground.
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3. Internal dose from inhalation of radioactive material.
4. Internal dose from ingestion of contaminated foods, soil, and water.

To present a significant hazard from external exposure, a radionuclide must emit penetrating
radiation in the form of a photon or energetic beta particle. Among the radionuclides of concern
at the BOMARC Missile Site, only Am-241 has a photon emission sufficient to pose a potential
external exposure hazard.

Internal dose from ingestion of contaminated food depends on the uptake of each radionuclide
into foods and subsequent uptake by the human body. All actinides are poorly taken up by
plants, animals, and people. Consequently, while some potential exists for radiation dose from
ingestion of contaminated food, this is not the dominant pathway for plutonium and americium.
Intake of contaminated groundwater is another potential source of radiological dose from
plutonium. However, plutonium and americium are relatively insoluble in groundwater, and are
not readily transported via groundwater movement. Finally, direct ingestion of contaminated
soil is a potential source of radiological dose from plutonium. Ingestion of soil occurs more
frequently with infants and children than with adults, but it can be an important dose contributor.

The pathway of primary concern for plutonium and americium is inhalation of contaminated
particles. This is a consequence of three factors. First, these radionuclides are alpha particle
emitters. Alpha particles have very short ranges in tissue and deposit their energy in small
volumes. Second, the chemically inert actinide oxides remain in the lung for long periods of
time. Finally, radioactive contamination at the BOMARC Missile Site exists in a form that is
likely to produce respirable particles during clean-up activities.

1.2 Radiation Dose and Risk

The measure of radiological hazard calculated in this assessment is in 50-year integrated dose
commitments reported in units of rem, often referred to as "dose" for brevity. These are
calculated for each of several organs of the body for each radionuclide. Because different
radionuclides irradiate different organs and tissues, a method that expresses the total radiation
risk to an individual is used. The International Commission on Radiological Protection (ICRP)
has developed a model to equate the sum of the doses received by individual organs and body
tissues to a single index of risk, the effective dose equivalent (EDE). The ICRP models for
organ committed dose equivalents and effective dose commitments (ICRP, 1977; ICRP, 1979)
have been used to develop a set of dose conversion factors that relate: (1) concentration (in the
air and on the ground) to external dose rates; and (2) intake (by inhalation and ingestion) to
internal dose. These dose conversion factors are presented in Table 1-1.

Health effects resulting from low doses of radiation are of a statistical nature. Knowledge of
the delayed effects of low doses of radiation is necessarily indirect, because the incidence is too
low to be observed against the much higher background incidence of similar effects from other
causes. Hence, a relationship between health effect and radiation dose can only be estimated,
based on observations made at much higher exposure levels, where effects have been observed
in humans, and on animals through carefully conducted experiments. In the range of doses
under consideration for the BOMARC Missile Site the incidence of resulting health effects is
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Table 1-1
Dose Conversion Factors for Plutonium and Americium

Effective
Dose Bone

Radionuclide Equivalent Surface Liver Lung

External Dose Conversion Factorse:

Air immersion (mrem/yr per uCi/&3)

Pu-239 4.1 X 101- 4.0 X 10-1 2.0 x 10-1 2.4 X 10-1
Am-241 9.5 X 101 1.3 x 102 6.2 x 101 6.9 x 101

Ground surface (mrem/yr per pCi/rn)

Pu-239 3.8 X 10.2 1.5 X 10.2 4.8 x 10-3 8.9 X 10W
Am-241 3.0 X 100 3.7 X 102 1.8 x 100 2.0 x 100

Internal Dose Conversion Factors":

Inhalation (mleml/Ci)

Pu-239 5.1 x 102 9.3 X 106 2.0 X 10W 1.2 x 106
Am-241 5.2 X 102 9.3 x 106 2.0 X 106 1.2 x 106

Ingestion (mrem/lCi)

Pu-239 4.3 x 103 7.8 x 104 1.6 x 104 0
Am-241 4.5 x 103 8.1 × 10 1.7 x 104 0

a. Source: DOE (1988a).
b. Source: DOE (1988b). Aerosol class or gastrointestinal tract uptake fraction yielding

the highest dose per unit were used.
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very small. There have been no direct measurements of increased cancer incidence rates for
low-level radiation exposures. Consequently, these estimates are relevant only to the average
collective dose received by large populations of individuals and not to estimates of doses to
individuals.

Because expected releases of radioactive material from the BOMARC Missile Site would be
small and the projected radiation dose to any individual is small, the only effects considered are
long-delayed somatic (cellular) effects. Acute radiation effects require exposures many orders
of magnitude greater than those projected for BOMARC Missile Site remediation. The delayed
effects considered in this assessment are potential excess fatal cancers of the lung, bone, and
liver.

For the BOMARC Missile Site, the major concerns are associated with radiation dose to the
lung, liver, and bone produced by plutonium isotopes taken into the body through inhalation or
ingestion. The most comprehensive analysis of risks associated with this kind of radiation dose
is presented in the report by the National Research Council (NRC), Committee on the Biological
Effects of Ionizing Radiation (BEIR), entitled "Health Risks of Radon and Other Internally
Deposited Alpha-Emitters" (the BEIR IV Report) (NRC, 1988). Although the BEIR committee
has published a more recent report than their 1988 BEIR IV report (NRC, 1990), it is not
appropriate to use the estimates contained in it for this assessment. The reason is that the 1990
report (BEIR V) does not contain risk estimates for alpha emitters like Pu-239. The BEIR IV
report is the most recent BEIR committee report containing detailed risk information on the type
of radionuclides found at the BOMARC Missile Site. The BEIR IV risk factor cited for lung
cancer from internally deposited transuranic radionuclides is 700 lung cancer deaths per million
person-rad. For liver the risk estimate is 300 cancer deaths per million person-rad. For bone
the range of risk estimates is given as 80 to 1100 cancer deaths per million person-rad. In order
to use these risk estimates, the doses obtained using the factors in Table 1-1 in units of mrem
must be converted to units of rads. For external doses from gamma rays no conversion is
required. For internal doses from alpha emissions the number of rads can be calculated by
dividing the number of rems by 20.

1.3 Uncertainties and Sensitivities in Dose and Risk Assessments

Model Uncertainties. The dose and risk estimates in the baseline radiological hazard assessment
are presented as discrete values. Each of these calculated values is an eoxpression of impact on
an individual or on a population as a whole. These values are intended to be upper-bounds
estimates of risk. However, the models used to calculate risk are generalizations and
simplifications of the processes which result in exposure and risk. The models that are used are
more sensitive to some parameters than to others. In addition, the ability to model the processes
is also limited by the availability of data characterizing each site and the understanding of the
processes. As a result, the estimates of dose and risk have a considerable degree of uncertainty
associated with them.

The sequence of analyses performed to generate the radiological impact estimates includes (1)
estimation of releases, (2) estimation of environmental transport and uptake of radionuclides, (3)
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calculation of radiation doses to exposed individuals, and (4) estimation of health effects. There
are uncertainties associated with each of these steps. For instance, the dose calculation models
involve the use of simplified representations of complex processes. It is not feasible to obtain
sufficient data to fully or accurately characterize transport and exposure processes. Similarly,
it is not possible to predict future conditions with certainty. Hence, there will be uncertainties
in the representation of the environmental processes as well as in the data required to use the
models (due to measurement errors, sampling errors, or natural variability). Finally, there are
uncertainties in the calculations themselves (e.g., roundoff errors by the computers).

In principle, one can estimate the uncertainty associated with each source and predict the
remaining uncertainty in the results of each set of calculations. Thus, one can propagate the
uncertainties from one set of calculations to the next and estimate the uncertainty in the final
results. However, conducting such a full-scale quantitative uncertainty analysis is neither
practical nor a standard practice for most assessments. Instead, the analysis is designed to
ensure - through judicious selection of release scenarios, models, and parameter values - that the
results are bounding. That is, the goal is to produce the maximum potential adverse impacts.
This is accomplished by using assumptions in the calculations at each step that tend to maximize
the potential adverse impacts (i.e., "conservative" assumptions). The models and parameters
used in the calculations are selected in such a way that most intermediate results and,
consequently, the final estimates of impacts are greater than what would actually be expected.
As a result, even though the range of uncertainty in a calculated dose might be large, the dose
is likely to be at the high end of the range of possible values. Therefore, the chance of the
quantity being greater than the calculated value is low. Thus, a goal of the methodology for the
baseline hazard assessment was to produce results that are reasonably conservative.

Finally, the uncertainties in risk associated with internally deposited alpha emitters like Pu-239
are often greater than for other types of radionuclides (EPA, 1989). One of the reasons is that
there are limited human epidemiological data on the risks from alpha emitters. These data are
largely confined to: (1) lung cancer induced by radon decay products; (2) bone cancer induced
by radium; and (3) liver cancer induced by injected thorotrast (thorium). The epidemiological
data for other types of radionuclides (e.g., gamma-emitting) are much more extensive.

Model Sensitivity. Any computational model will return different final results if input
parameters are varied. The degree to which a change in a model parameter value impacts the
model results is referred to as the sensitivity of the model to that parameter. If very little
change occurs in the model output, the model is said to be insensitive to variations in that
parameter. A formal sensitivity analysis involves a quantitative determination of the influence
of several parameters on a specified model output. A sensitivity analysis can be very useful in
limiting the scope of an uncertainty analysis by identifying those parameters that the model is
sensitive to, and thus worthwhile investigating the uncertainties associated with. A formal
sensitivity analysis can be very complex, especially on models that are coupled such as in the
codes that are used in this assessment. For instance, a variation in a parameter value may
greatly affect the output of a single model (e.g., unsaturated zone transport), but may not
significantly impact the final output of the code (e.g., radiological dose). Also, there may be
correlations between parameters that complicate the understanding of the sensitivity of the model
to a parameter.
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For the baseline hazard assessment, a simplified sensitivity analysis was conducted, using the
capabilities of the RESRAD code used for calculation of intruder doses (see Sections 2 and 3).
In RESRAD, a single parameter value can be varied plus and minus a preset range over its
nominal value. The code then calculates final output values (i.e., radiological doses) using the
nominal value and the extremes of the range specified for the nominal value. This gives an
indication of the sensitivity of the code to a single parameter. Parameters in three categories
were examined for their influence on the output of RESRAD. The categories are: (1) physical
site characteristics, (2) radionuclide-specific parameters, and (3) exposure pathway-specific
parameters. The results of the sensitivity analysis are discussed in Section 4.1.

2.0 RADIOLOGICAL RELEASES TO THE ENVIRONMENT

To assess potential radiological impacts to workers and the general public, estimates must first
be made of the amounts of radioactivity released from the BOMARC Missile Site to the
environment for each alternative. This section describes the assumptions, models, and data used
for these estimates. Airborne and waterborne releases are the mechanisms by which
radionuclides could be released from the BOMARC Missile Site to the uncontrolled
environment. However, airborne releases present the only significant mechanism for exposing
either on-site workers or off-site individuals. Methods for assessing potential radiation doses
due to these releases are presented in Section 3.0.

In order to assess the radiological impacts from the non-uniform contaminated soil at the
BOMARC site, the RESRAD guidance relating to inhomogeneous contamination was reviewed
for the assessment. To implement this guidance, the area of the site was divided into four sub-
areas based on measured soil contamination levels (see Figure 2-1). These areas are intended
only for the purposes of the radiological assessment, and not for other purposes (e.g., areas of
required remediation). The site characterization data supporting the BOMARC RI/FS were used
to determine characteristics such as maximum concentrations of Pu-239 in soil, depth of
contamination, and other physical characteristics. Essentially all locations on the BOMARC site
that had elevated soil concentrations of Pu-239 (based on soil sampling data) as well as all
locations that had measurable Am-241 HPG readings are contained within one of the four sub-
areas ("elevated" means greater than twice the background level of Pu-239 for soil samples).
The only exceptions are three sediment samples taken from Elisha Branch south of the developed
portion of the BOMARC missile site. The highest of these samples contained 1.8 pCi/g Pu-239,
and they averaged 1.08 pCi/g, approximately ten times the background level (0.1 pCi/g). These
samples were not included in the analyses because there were only three isolated, elevated
sample locations, the levels were not extremely high, there was not a general elevation of
contamination levels in the area, and finally, the sample locations are beyond the developed area
of the BOMARC missile site. The four sub-areas have a combined area of 76,500 m2. Principal
characteristics of the four sub-areas are given in Table 2-1.
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Table 2-1
Sub-Areas of Contamination on the BOMARC Missile Site

Used for the Radiological Assessment

Maximum Average Pu-239
Maximum Pu- Depth of Concentration

Area 239 Contamination to Maximum
Sub-Area (Mn) Concentration (in) Depth (pCi/g)

(pCi/g)

1 16,000 240 3.05 22.6

2 18,800 180 1.83 20.6

3 10,800 3.9 1.22 3.9

4 30,900 3.3 0.15 3.3

Note: The maximum concentrations listed are for the 0 - 6 inch soil sampling depth.

The maximum concentration level in each sub-area was first estimated by combining the
maximum concentration values at each depth from various soil sample locations within each sub-
area. The average soil contamination level within each area was then assumed to be one third
of the maximum composite values (Gilbert et al., 1989). The depth profile samples were not
used to determine contamination levels because there was not enough information consistently
available to make the samples useful. In particular, the weights of each particle size fraction
were not always available, and thus the activity concentrations could not be calculated.

Although high Pu-239 concentrations were obtained from some of these samples (e.g.,
150,000 pCi/g), the high values are likely due to discrete particles rather than uniform
contamination levels of an entire sample. This is supported by much lower concentrations in
samples taken adjacent to the locations of high levels.

Preliminary results of the RESRAD code indicated that using the average soil concentration in
the top soil sampling layer (generally 6 inches) produced higher doses than using a depth-
weighted average concentration to the maximum depth. Therefore, the 0 - 6 inch depth
concentrations were used in the final assessments.

2.1 Airborne Releases

Airborne particulates contaminated with plutonium and americium are the dominant hazard
associated with the BOMARC Missile Site. Resuspension of contaminated soil is the primary
mechanism by which airborne transport occur. Although no specific resuspension studies have
been conducted at the BOMARC Missile Site, a conservative estimate of resuspension can be
made (see Section 2.1.2). To address the radiological impacts of the baseline conditions, the
following assumptions were made.
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Baseline conditions consist of a continuation of current operational procedures designed to
protect human health and the environment at the site. Contaminated areas would continue to be
fenced and posted to preclude public access. The site would still be inspected on a regular basis
to verify that conditions do not deteriorate to the point that public exposure is a concern. The
concrete apron and building structures would be maintained and repaired as necessary, and
radiological surveys would continue to be conducted annually to ensure that contaminants are
not migrating from the site. However, there would be the potential for limited airborne release
of plutonium and americium via resuspension. Under this alternative the missing missile
launcher would not be located and removed. The radioactivity available for atmospheric release
over the long term is assumed to include the existing average surface soil contamination (see
Section 2.1.1).

2.1.1 BOMARC Missile Site Surface Contamination

Before estimating resuspension and off-site dispersion of Pu-239 and Am-241 from contaminated
surface soils, an average level of contamination was needed for the baseline conditions. Existing
baseline contamination characteristics were expressed in two ways, for each of the two types of
assessments that were conducted (intruder and population). For the intruder assessment, it was
assumed that an intruder could access only a single sub-area. This is reasonable because the
sub-areas are large enough to support a resident intruder (see Table 2-1). One-third of the
maximum Pu-239 sub-area contamination level (Gilbert, et al., 1989) was used as the baseline
contamination level for intruder scenario portion of the baseline assessment. Therefore a level
of 80 pCilg was used. For the population assessment, surface soil concentration levels in units
of uCi/m2 were needed. Because the offsite population could potentially be exposed to
contamination released from all contaminated areas of BOMARC Missile Site, the total of the
four sub-areas listed in Table 2-1 was usvd for the population assessment (76,500 m2). In order
to be consistent with the bases for other calculations (e.g., intruder doses - Section 3.2), the
mass concentrations of Pu-239 obtained from the soil samples taken as part of the RI/FS site
characterization process were used to estimate average surface soil concentrations of Pu-239 (in
units of ACi/m2). Using the values in Table 2-1, an average existing baseline concentration of
32 pCi/g was calculated for the 76,500 m2 of contaminated surface area at the BOMARC Missile
Site. This value was calculated by weighting and summing the contamination levels in each sub-
area. An average contamination level of one-third of the maximum value was assumed (Gilbert
et al., 1989). Assuming a soil density of 1.6 g/cm 3, the areal concentration in the top 5 cm
layer of the soil would be 2.6 1Ci/m2 . This calculated areal concentration was used only for
resuspension leading to offsite dispersion.

2.1.2 Resuspension of Contaminated Particles

Resuspension from soils and subsequent inhalation of the resuspended material has long been
considered the chief source of exposure to transuranium elements deposited in soils. The best
method for determining quantities and rates of resuspension of contaminated surface soils is to
directly measure air concentrations in the vicinity of contaminated soils. However, in order to
obtain average concentrations, measurements must be done over a long period of time and under
a variety of conditions. Therefore, direct measurements are not always practicable.
Consequently, estimates of surface soil resuspension are most commonly obtained by modeling
techniques. Although many resuspension modeling techniques are available, the following three
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basic techniques are most commonly used: (1) the resuspension factor model, (2) the
resuspension rate approach, and (3) the mass-loading approach (Healy, 1980). Each method has
its strengths and its weaknesses, particularly in view of the state of the technology at this time.
The resuspension rate and mass-loading techniques are used directly in this assessment. The
resuspension rate model is used in the off-site dispersion and dose calculations because it yields
fractional resuspension per unit time, and because the area subjected to resuspension can be
incorporated into calculations. The mass-loading approach is used in the on-site dose
calculations because it relates surface soil concentration to the concentration in air in the
immediate vicinity. The following discussion describes all three most common approaches, how
they are related, and specific applications to the BOMARC site.

The assessments for the BOMARC Missile Site used two computer models. GENII was used
for off-site population doses and RESRAD was used for on-site intruder doses. GENII does not
treat resuspension directly but accepts a radionuclide release rate as input. RESRAD uses a
mass loading approach. In order to insure consistency between these two models for the
BOMARC Missile Site, the release rate for GENII input was derived from the RESRAD default
mass loading value using the equations presented here.

In the resuspension factor model, the airborne dust concentration is given as a function of an
empirically determined resuspension factor, the effective depth of the layer of soil from which
resuspension occurs, and the bulk density of soil. The equation relating these parameters is

Cd = Rf X d, Xpb
where

CdM= airborne dust concentration (g/m3)
Rf = resuspension factor (m"-)
d4 = depth of soil (m)
Pb = density of surface soil (gum3).

In the resuspension rate model, the airborne dust concentration is given as a function of an
empirically determined fractional resuspension rate, the areal density of soil, and the average
deposition velocity of resuspended soil particles. The equation is

C,= (R. X Or) + Vd
where

Cd. = airborne dust concentration (g/m 3)
R, = fractional resuspension rate (s-')
Vd = deposition velocity (m/s)
018 = areal density of soil (g/m2)

and
018 = d X Pb.

The third model is a mass loading model in which the value of airborne dust concentration is
specified using empirical data or measured values of airborne dust under similar conditions.
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Cd.. = M

where
C., = airborne dust concentration (g/m3)
M = mass loading factor (g/m3).

The three models discussed above are not independent. They can be related by the following
equalities:

• = M o, - M + (dX Pb) (ref: Gilbert et al., 1989)
and

I1 = Rf X Vd. (ref: Napier et al., 1988)

Combining these two equations gives the following expression for the fractional resuspension
rate in terms of the mass loading factor:

K= (M X vd) (d XPb)

For the Baseline radiological assessment, two separate computer codes were used. RESRAD
was used for estimating doses to individuals, including intruders, located on the BOMARC site.
GENII was used for estimating doses to the surrounding population located outside the site
boundary out to a distance of 50 miles. RESRAD is specifically designed to estimate on-site
doses for facilities with radioactively contaminated soils. In addition, it is intended to help set
clean up criteria for those facilities. Therefore, it was considered to be the best available code
for these BOMARC assessments. However, RESRAD does not allow the calculation of dose
to the surrounding population. GENII was chosen to supplement RESRAD for the BOMARC
assessments. GENII is a flexible, general purpose radiological assessment code capable of
estimating doses to the surrounding population from ground level releases of airborne
radioactivity (See Section 2.1.3).

A mass loading model is used in RESRAD to estimate air concentrations of resuspended
particulates. GENII does not automatically estimate off-site releases from resuspension but must
be supplied with an annual release rate. The equation above expressing the fractional
resuspension rate in terms of the mass loading factor was used to estimate a release rate for the
GENII calculation that is consistent with the RESRAD mass loading model.

-1= (M X v) (d xPb)
where

d, = 5.1cm. = 0.051m
Pb = 1.6g/cm3  1 1.6x10'g/m3

M = 200 sg/m3 = 2.0x104 g/m3

vd = 2 cm/s = 0.02 m/s
gives

k = 4.9 x 10r1s-1 = 1.5 x 103y'1.

The value for dI is a conservative value assumed for the BOMARC Baseline assessment. The

values for Pb and M are those used in the RESRAD calculations. The value of 200 j&g/m 3 for
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M is not a site-specific value. It is the default value chosen by the authors of RESRAD (Gilbert
et al., 1989), and is two times the generic value suggested by the NCRP (NCRP, 1985). The
value is therefore a conservative one, however, it is applicable to a broad range of
circumstances, including the on-site residence scenario evaluated for the BOMARC Missile Site.
The deposition velocity, Vd, is based on 10 pm resuspended soil particles and a friction velocity
of 50 cm/s appropriate to the BOMARC site (Whicker and Shultz, 1982).

The fractional resuspension rate gives a total annual release according to the following equation

Q = 1R, X A X C.Sf

where
Q = total annual release rate (pCi/y)
R, = fractional resuspension rate (y-)
A = surface area (m2)
C..f = surface concentration (uCi/m2).

For the BOMARC site, the fractional resuspension rate of 1.5 x 10.3 y' was used in conjunction
with areas and surface concentration levels to estimate total annual atmospheric release rates in
units of 1&Ci/yr. This is the input required by GENII for calculating atmospheric dispersion and
subsequent radiation dose from a ground level release. The average areal Pu-239 concentration
of 2.6 pCi/n 2 calculated in Section 2.1.1 was used to calculate an annual atmospheric release
as follows:

Q = (1.5 x 10" y-) x (76,500 m2) X (2.6 pCi/m2)
- 298 ICi/y

An annual release of 50 1Ci/y Am-241 was calculated by dividing the Pu-239 releases by 5.9
(298 1,Ci/y + 5.9 = 50 uCi/y).

2.1.3 Off-site Atmospheric Dispersion

Atmospheric dispersion of contaminated material to distances beyond the BOMARC Missile Site
was evaluated using the appropriate modules of the GENII computer code (Napier et al., 1988).
GENII is a code developed by Battelle Pacific Northwest Laboratory (PNL) to assess the
radiological consequences of releases to the environment. It allows several options for
atmospheric dispersion calculations. Further, it is coupled directly to the dosimetry calculations
necessary for assessing the potential impacts to the general public.

This assessment uses the straight-line Gaussian plume option of GENII for long-term,
undisturbed conditions. The straight-line Gaussian plume model is the basis for a set of
dispersion models that are widely accepted for routine dose assessment applications.

For this analysis, annual average air concentrations are estimated on a 16-sector grid out to a
distance of 50 miles (80 kin) as a basis for estimating potential impacts to the general public
surrounding the site. The population surrounding the BOMARC Missile Site used to calculate
the population dose is the estimated 1995 population. The assumed population is shown in Table
2-2.
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Other requirements for this calculation include the frequency of occurrence for winds, wind
speeds, and stability class in each sector. These data are available for McGuire AFB and are
summarized in STAR format, which presents the joint frequency of wind speed and stability
(Table 2-3).

2.2 Waterborne Releases

In addition to airborne releases from the BOMARC Missile Site, waterborne releases were
considered.

2.2.1 Groundwater Releases

Groundwater releases are evaluated in the construction/resident scenario (Section 3.2). This
analysis provides a conservative estimate of groundwater release, as the intruder obtains water
from a well located at the site. Results indicate that the groundwater pathway is insignificant
relative to the airborne pathway.

2.2.2 Surface Water Releases

There are no permanent surface waters on the dry, upland soils of the BOMARC Missile Site.
The principal surface water features associated with the site are the natural streams that drain
the nearby low wetlands of the Pinelands. A majority of the surface runoff from both the
missile launch area and support facilities, drains to the west, south, and east and eventually
reaches the Elisha Branch. From Elisha Branch, surface water flows into larger tributaries
leading to the Ridgeway Branch, the Tom's River, and ultimately reaches the Atlantic Ocean via
Barnegat Bay.

The surface water pathway was not considered in the dose analyses for the following reasons.
First, man-made control systems limit surface erosion and favor infiltration into the ground.
The asphalt and concrete cover placed in the vicinity of Shelter 204 and in the drainage result
in rapid runoff; however, the area covered is protected from surface erosion and transport of
contaminated sediments. Some restriction to flow may occur on the upstream side of road
culverts, which could result in ponding and augmented infiltration into the ground. Additional
groundwater recharge over the long term is expected in the depression located at the downstream
side of the culvert under Ocean County Highway No. 539. Second, surface waters in the near
vicinity of the BOMARC Missile Site, i.e., the Elisha Branch and immediate downstream water
courses, are not known to be presently in use as a water supply source. Third, the high
recharge potential of the native sandy soils minimizes surface runoff. Finally, in light of the
above discussion, the amount of contamination that could potentially reach surface waters used
by humans is insignificant compared with that transported by air or groundwater.

3.0 METHODS FOR ASSESSING POTENTIAL RADIOLOGICAL IMPACTS

Because of the releases discussed previously (Section 2.0), members of the public may be
exposed to radioactive material from the BOMARC Missile Site. These potential exposures
(doses) may result in subsequent health effects in the exposed population as discussed in Section
1.2. This section explains how radiation doses for the general public are calculated.
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The methods used for assessing the radiological impacts on members of the general public are
described in this section. Both long-term, undisturbed conditions and active remediation
conditions are evaluated. Two types of calculations are done for this assessment: (1) potential
dose to the population within 50 miles (80 "an) of the site (Section 3.1) and (2) doses to
inadvertent intruders (Section 3.2).

3.1 Potential Population Dose

Potential dose to the population was estimated using the GENII dose calculation program (Napier
et al., 1988). This program was used to model chronic releases to the atmosphere as described
in Section 2.1.2. The basic input to GENII is a list of types and amounts of radionuclides
released to the environment; Section 2.1.2 contains the calculated release for this assessment.
Based on historical meteorological records for McGuire AFB, GENII then calculates the
expected annual average air concentration in zones defined by radial intervals of 16 sectors out
to a distance of 50 miles from the point of emission. Air concentrations are estimated using the
straight-line Gaussian plume model of dispersion. The code takes into account the height of the
emission point (ground-level releases were assumed for this assessment), radioactive decay of
specific radionuclides, and other appropriate factors.

GENII then calculates the quantities of specific radionuclides that would be deposited in each
of the 16 sectors and that could result in human exposure by various pathways. GENII then
calculates the radiation doses to the entire population in all 16 sectors (population estimates for
each sector are part of the input to GENII; see Section 2.1.3). The code is used only to
calculate the population dose for this assessment, but it can also identify the dose for maximally
exposed off-site individual. Potential pathways of exposure calculated by GENII include external
radiation from contaminated air and ground surface as well as internal radiation dose from
inhalation and ingestion of contaminated foods. Both EDE and organ dose commitments are
reported in the baseline risk assessment section of the RIMFS. To convert doses, which are
expressed in terms of person-rem, to health effects, the doses were multiplied by risk factors
recommended by the BEIR IV committee (see Section 1.2).

Input parameters used and output table from GENII for the population dose scenario are
provided in Annex 1 of this appendix.

3.2 Potential Doses to Inadvertent Intruders

The Baseline Assessment includes an assessment that evaluates the potential for radiation dose
to individual members of the general public who may inadvertently expose themselves to soil
or other contamination at the BOMARC Missile Site. All other alternatives assume either
remediation of contaminated soil or long-term institutional control of the site, and therefore
preclude significant exposure of intruders. The Inadvertent Intruder assessment is a hypothetical
worst-case scenario, and includes a family farm assumption. To estimate the upper bound
(worst-case) for doses to an intruder, it is assumed that long-term institutional control of the site
would not exist and members of the public would have unrestricted access to the site at some
time in the indefinite future. It was assumed that the intruder entered the sub-area resulting in
the highest dose consequences (sub-area 1).
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The farm family scenario consists of an agricultural/resident scenario. This scenario provides
upper-bound estimates of potential doses for a hypothetical maximally exposed individual. Such
a family-farm scenario, in which a family lives on the contaminated site and raises an
appreciable fraction of its food on this site, is considered to be a credible bounding scenario by
the NRC for assessments of waste disposal sites and by the DOE for decontaminated facilities.
Even though such a scenario may be unlikely in the foreseeable future for the BOMARC Missile
Site, it cannot be excluded as noncredible at some time several hundred years in the future.

It is assumed that the agricultural resident lives continuously on the BOMARC Missile Site and
consumes foods grown on the site. To provide an upper bound for potential doses, it has been
assumed that all the contaminated soil on the site is available for transport through the
environment. That is, the barriers presented by existing concrete and asphalt covers have been
neglected. The intruder is assumed to be exposed to the existing surface soil contamination
levels. The intruder is assumed to live in a house at this site and consume food products from
a small garden located on the contaminated area.

This calculation was fully implemented in a computer code called RESRAD. This code has been
developed for the specific purpose of determining cleanup criteria for radioactively contaminated
soils (Gilbert et al., 1989). It contains all the potential pathways of exposure discussed in
Section 1.1 except external exposure from immersion in a radioactive cloud. Version 4.10 of
the code was used for this assessment.

The dose calculations performed by RESRAD are based on a pathway analysis method known
as the concentration factor method (NRC, 1977; Till and Meyer, 1983). With this method, the
relation between radionuclide concentrations in soil and the dose to a member of a population
is expressed as a pathway sum, which consists of a sum of products of "pathway factors."
Pathway factors connect compartments in the environment between which radionuclides can be
transported or radiation transmitted (see Figure 3-1). Most pathway factors are steady-state
ratios of concentrations in adjoining compartments. Some are factors for conversion from a
radionuclide concentration to a radiation level or radiation dose, and others are use and
occupancy factors that affect exposure. Each term in the sum corresponds to a pathway. A
pathway factor can be added, deleted, or replaced without affecting the other pathways or
pathway factors. This structuring facilitates the use of alternative models for different conditions
or transport processes and the incorporation of additional pathways. Thus, RESRAD was easily
tailored to model the situation at the BOMARC Missile Site.

For this assessment, values specific to the BOMARC Missile Site have been used wherever
possible. Where site-specific data are not available the default values have been used. A list
of all required RESRAD input appears in Annex 2. This list indicates both the "user input" and
the "default" values. Site-specific input values were used wherever there were enough data
about the BOMARC Missile Site to justify deviations from the default values.

Site specific values were used to describe the physical dimensions of the contaminated region
(surface area, thickness, distance to groundwater) and the characteristics of the contamination
(radionuclide concentrations present). The water balance parameters were also site-specific
(evapotranspiration, precipitation, and runoff) as were the hydrogeolgic parameters for the
contaminated, unsaturated, and saturated strata (total and effective porosities, hydraulic
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conductivities). Site-specific distribution coefficients (Kds) for Am-241 and Pu-239 were selected
to better represent the sandy soils of the BOMARC Missile Site. Many of the remaining
RESRAD parameters describe the human behavior associated with potential radiation doses.
These include breathing rate and dietary intake for the assumed exposure scenario. Exposure
factors conforming to EPA risk assessment guidance were used for all these parameters (EPA,
1991a).

Default values were used for the non-dietary agricultural parameters such as livestock feed rates.
Of the remaining parameters for which default values were used, only one has a significant
influence on dose estimates. This is the dust mass loading factor. No data were available on
mass loading at the BOMARC Missile Site, so the RESRAD default value was used. Although
this default value of 200 /ig/m3 is somewhat conservative, it is applicable to a broad range of
circumstances. In the absence of specific data, no justification was found to support using a
different value.

Potential pathways of exposure included in this analysis are external radiation from contaminated
ground as well as internal radiation from inhalation, ingestion of food, drinking water, and soil
(see Figure 3-1). Both EDE and organ dose commitments are reported. Consumption
parameters were obtained from EPA (1991 a). Values used for input parameters for this scenario
are provided in the output tables from RESRAD in Annex 2 of this appendix.

RESRAD calculations were initially made to simulate a total time period of 10,000 years.
Calculated doses do not change significantly after a period of approximately 5,000 years,
however, so a time period of 6,000 years was eventually used. Values for the year of maximum
dose rate were used for estimating potential impact to intruders on the BOMARC Missile Site.
In all cases the maximum dose rate was given in the first year, represented by t = 0 in the
tables in Annex 2. In subsequent years doses from surface contamination decreased because
RESRAD treats the surface soil as eroding away with time.

Because plutonium is quite insoluble and immobile in the environment there are no significant
contributions to estimated radiation doses via groundwater pathways until several hundred years
have passed. The tables illustrating dose versus time in Annex 2 show the relative importance
of groundwater pathways.

4.0 RESULTS OF BASELINE ASSESSMENT

4.1 Maximally Exposed Individual

As shown in Table 4-1, radiation doses to a hypothetical residential intruder in the maximum
year of exposure are dominated by inhalation of Pu-239 contaminated resuspended dust. This
exposure pathway accounts for approximately 65 per cent of the total dose of 47 mrem/yr.
Inhalation of Am-241 contaminated dust contributes about 11 per cent. Ingestion of plutonium
and americium account for an additional 24 per cent. Taken together, these routes of exposure
resulting from internally deposited transuranic alpha emitters account for more than 99 percent
of the total dose. External gamma radiation dose, primarily from Am-241, accounts for less
than 1 per cent of the total. Waterborne radioactivity does not make a significant contribution
even for calculations taken out to periods of greater than 100 years.
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Table 4-1
Dose Contributions for Individual Radionuclides and Pathways:

Maximally Exposed Individual

Percent of Total EDE by Exposure Pathway

Radionuclide External Inhalation Ingestion
Total

Ground Dust Plant Meat Milk Soil

Am-241 0.2 11.1 0.2 0.1 0.0 3.4 15.0

Pu-239 0.01 64.8 0.8 0.4 0.0 19.0 85.0

Total 0.2 75.9 1.0 0.5 0.0 22.4 100.0

Table 4-2 summarizes the potential radiation doses to the maximally exposed individual from
each year of residence. This table also presents the rate of excess fatal cancers of the lung,
liver, and bone for a hypothetical population of individuals exposed to these levels of radiation.

Table 4-2
Dose Rates and Health Risks: Maximally Exposed Individual

Dose Rates (mrem/yr)
Radionucnde EDE Bone Surface Liver Lung

Am-241 7 126 27 12

Pu-239 40 734 156 72

Total 47 860 183 84

Excess Fatal Cancers
(Cancers/year per Million Persons)

Total Bone Surface Liver Lung

19 13 3

Cancer risk estimates are intended to be applied to populations rather than to individuals. They
are included in this table only for comparison to normal cancer incidence rates. The natural
incidence rate for all fatal cancers exceeds 2500 cancers/year per million persons (NAS, 1990).
In the United Sates, the natural incidence rate for liver cancers is about 50 cancers/year pNr
million persons. The corresponding rate for lung cancers is about 600 cancers/year per million
persons and the rate for bone cancers is about 10 cancers/year per million (NCI, 1982).

It is useful to compare these dose rates to those of natural background radiation in the United
States (NCRP, 1987). The estimated total EDE dose rate of 47 mrem/year is small compared
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to the average annual background radiation dose of about 350 mrem/year. The lung dose rate
of 84 mrem/year calculated for this assessment is less than half of the estimated 200 mrem/year
average lung dose rate to the resulting from exposure to naturally occurring radon.

Sensitivity Analysis. The sensitivity of the RESRAD code to changes in parameter values was
evaluated by using the sensitivity analysis capabilities of RESRAD. This consisted of varying
a parameter over its nominal value by a preset amount and noting the change in code output.
The code then graphically displays the output for the nominal value and the two extremes. For
the purposes of this analysis, "code output" refers to the maximum calculated dose. This
method does not yield a sophisticated quantification of sensitivity, but does give an indication
of the impact that a single parameter has on the output of the code. Parameters in three
categories were examined for their influence on the output of RESRAD. The categories are
(1) physical site characteristics, (2) radionuclide-specific parameters, and (3) exposure pathway-
specific parameters. The existing BOMARC site conditions were used as the base case;
parameter values were varied around the values used for this scenario. Some subjective
reasoning was used to limit the number of parameters examined. For instance, the water
dependent pathway parameters were not examined except very grossly, because this pathway was
not a significant factor in the BOMARC assessment. Also, the initial concentrations of
radionuclides were not varied, because it is already known that the code output is linearly related
to this input parameter.

Many of the RESRAD parameters affected specific pathway doses linearly - i.e., a two-fold
increase in input value resulted in a two-fold increase in the pathway dose. Impact on the total
dose then depended on the relative contribution of that pathway to the total dose. This is true
of parameters such as inhalation rate and soil ingestion rate. Other parameters, such as erosion
rate, significantly affected the total dose only when extreme values were used. Finally, the code
appeared to be sensitive to changes in some parameters only over limited ranges of the parameter
value; thickness of the contaminated zone is an example of this group of parameters. The three
categories of parameters are discussed in more detail below.

Physical Site Characteristics. The parameters in this category are in RESRAD menus
011 and 013. The parameters (and their nominal values) that were examined include:

Cover thickness (0 m)
Cover erosion rate (not used)
Cover density (not used)
Contaminated zone thickness (15.24 cm)
Contaminated zone erosion rate (.001 m/yr)
Area of contaminated zone (16,000 m2).
Irrigation rate (0.2 m/yr).

The parameters in this category having the greatest impacts on the final dose were erosion rate
of a cover and contaminated zone thickness. Cover thickness did not significantly affect the
calculated dose unless the erosion rate of the cover was set to an extremely small value. Doing
this had the dual effect of reducing the magnitude of the dose as well as delaying the time the
maximum dose was received. For instance, using a cover thickness of 15 cm and changing the
erosion rate by an order of magnitude had a minimal effect, but when the rate was decreased
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by a factor of one hundred (to a value of 1 x 10s m/yr) the maximum dose was reduced by a
factor of five, and occurred at a time beyond 5,000 years.

When the contaminated zone thickness was reduced to a value of 7.6 cm (one-half the nominal
value), the calculated dose decreased by a factor of two. Increasing the thickness, even to
two meters, had little effect. The cover density also had little effect on the calculated dose.
This is presumably because the code treats the cover as if it were soil, and includes mixing of
the cover and underlying contaminated zone regardless of cover density.

The contaminated zone erosion rate had an effect similar to that of the cover erosion rate. The
contaminated zone area significantly affected the dose only when extremely low values were used
(e.g., <1 In 2). Finally, changes in the irrigation rate had an insignificant effect on the total
dose.

Radionuclide-specific Parameters. A single parameter was examined in this category: the
distribution coefficient (IQ). Changing the Kd for Pu-239 by an order of magnitude did not
significantly change the calculated dose. Other radionuclide-specific parameters were judged to
either have an authoritative source (e.g., dose conversion factors), or else they did not contribute
significantly to the dose (e.g., bioaccumulation factors).

Pathway-specific Parameters. The parameters in this category are in menus 017 and 018 of
RESRAD. Exposure pathways considered were inhalation and ingestion, which were the only
significant exposure pathways. Within the ingestion pathway category, only ingestion of soil
was significant, so other ingestion parameters were not examined. The parameters (and their
nominal values) that were examined include:

Inhalation rate (7,000 m3/yr)
Mass loading (0.0002 g/m)
Occupancy factor (0.55)
Soil ingestion (35 g/yr)
Mixing depth (15 cm)

As expected, calculated inhalation doses changed linearly with changes in values for the
inhalation rate and mass loading. That is, a two-fold increase in either of these factors resulted
in a two-fold increase in the code output. Occupancy factor, which relates time spent indoors
to time spent outdoors, had a similar effect. Inhalation accounted for approximately 76 % of the
total dose, so the total dose increased (or decreased) slightly less than the increase (or decrease)
in these factors.

The soil ingestion dose also changed linearly with soil ingestion rate. This pathway accounted
for roughly 20% of the total dose, so doubling the value increased the total dose by
approximately 20%.

Decreasing the depth of the topsoil mixing layer by a factor of two had no effect on the
maximum total dose. However, increasing the value by a factor of two decreased both the
inhalation and ingestion doses, resulting in a decrease of approximately a factor of two in the
maximum total dcse.
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4.2 Potential Population Dose

The potential baseline dose rates to the population within 50 miles of the BOMARC site are
summarized in Table 4-3. The total dose rate of 2.7 person-rem/year is distributed over a
population of about 9 million persons within 50 miles. This gives an average of about 3 x 10'
mrem/year to each individual in the population, a value that is several orders of magnitude less
than that estimated for the hypothetical maximally exposed individual. The estimated total
excess fatal cancer rate is very much less than one per year (9.1 X 10W cancers/year) over nine
million persons and does not constitute a significant potential impact. This value should be
compared to a natural incidence that exceeds 2500 cancers/year per million persons. This
natural incidence rate corresponds to a lifetime incidence of approximately 20,000 cancer deaths
per 100,000 individuals (NAS, 1990).

Table 4-3
Dose Rates and Health Risks: Population Within 50 Milese

Dose Rates (mrem/yr)

EDE Bone Surface Liver Lung

2.7 51 9 0.4

Excess Fatal Cancers
(Cancers/Year)

Total Bone Surface Liver Lung

9.1x10W 7.6x10' 1.3x104  1.3x10-4

"Estimated to be 9.3 x 106 people.

4.3 Soil Remediation Level

One of the intents of the Baseline risk assessment was to derive a risk-based remediation goal
for contaminated soil at the BOMARC Missile Site. Such a remediation goal is a target to use
during analysis and selection of remedial alternatives. There are no Applicable or Relevant and
Appropriate Requirement (ARAR) values for the radionuclides found at the BOMARC Missile
Site, so values for appropriate residual levels of these contaminants were calculated.
Environmental Protection Agency (EPA) guidance (e.g., EPA, 1991b) was considered in the
derivation of the remediation goal.

The RESRAD code was specifically designed to be used to calculate remediation levels for
radionuclides in soil (Gilbert et al., 1989). One of the output values of the code is the limiting
soil concentration of all radionuclides in the scenario. The limiting soil concentration is directly
related to the dose limit used in the code input. For derivation of a remediation goal for the
BOMARC Missile Site, an EDE dose limit of 4 mrem/yr was used. This methodology does not
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follow all of the specific methodological guidance of the EPA, however it is felt to result in a
remediation goal that is protective of human health.

For contaminated soils at the BOMARC site, the risk-based goal for remediation is 8 pCi/g Pu-
239. This soil remediation level was derived by assuming unrestricted access, and a future
farm-family scenario at the site as described in Section 3 of this Appendix. The scenario
includes the assumption of a family living on the site and obtaining a majority of their food from
a garden also on the site. Remediation of soils to a Pu-239 level of 8 pCi/g or less will result
in a 4 mrem/yr annual effective dose equivalent to a maximally exposed individual (ME!). This
ME[ dose rate corresponds to a lifetime risk of less than 101 (EPA, 1990).

In order to estimate areas that may require soil remediation, it is useful to express the soil
remediation goal of 8 pCi/g in terms of areal concentration (i.e.,juCi/m2). This facilitates using
the data generated by the IHPG izui survey (Section 3.6.2.4 of the RIFS), which are the most
comprehensive areal contamination survey data available for the site. The soil remediation goal
can be converted to an areal concentration as follows:

Cwf=CM X Pb x .01
where

C = Areal concentration of contamination in soil (uCi per m2),
CM - Mass concentration of contamination in soil (pCilg),

Pb = bulk density of soil (g per cm3),
d = contamination depth (cm)
.01 unit conversion factor.

Assuming a value of 1.6 g/cm3 for bulk soil density and a value of 15.25 cm for contamination
depth, the remediation goal of 8 pCi/g can be expressed as an areal concentration of 2 #Ci/m2 .
The remediation goal was derived assuming a contamination depth of 15.24 cm (6 inches);
therefore, the same depth is used in converting to areal concentration.
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:26:22 Page A. 1

This is a far-field (wide-scale release, multiple site) scenario.
Release is chronic
Dose to exposed population of 9.236E+06

THE FOLLOWING TRANSPORT MODES ARE CONSIDERED
Air

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED:
Finite plume, external
Ground, external
Inhalation uptake
Terrestrial foods ingestion
Animal product ingestion
Inadvertent soil ingestion

THE FOLLOWING TIMES ARE USED:
Intake ends after (yr): 50.0
Dose cralculations ends after (yr): 50.0
Release ends after (yr): 1.0

==m=====m= FILENAMES AND TITLES OF FILES/LIBRARIES USED =======================

Input file name: \GENII\BASELINE.in 2-23-92
GENII DEFAULT PARAMETER VALUES 2-23-92
Radionuclide Master Library (11/28/90 RAP) 11-29-90
INEL GENII Food Transfer Factor Library - (ASR 15-May-90) 5-17-90
External Dose Factors for GENII in person Sv/yr per Bq/n (8-May-90 R 5-08-90
Internal Dose Increments, Worst Case Solubilities, 12/3/90 PDR 12-03-90
EXTGAM - Gamma Energies by Group for Finite Plume (13-May-90 RAP) 5-14-90
BOMARC POPULATION DISTRIBUTION - 1995 PROJECTION
McGuire Annual Star Data

-------------- Release Terms .......
Release Surface Buried
Radio- Air Water Source
nuclide uCi/yr uCi/yr uCi/m3

PU239 3.0E+02 0.OE+00 0.OE+00
AM241 5.1E+01 0.OE+00 0.0E+00

AIR TRANSPORT ===== =
Joint frequency data input.
Ground level release.

EXTERNAL EXPOSURE ==---=-==-----=--=
8.8E+03 Hours of exposure to plume
2.9E+03 Hours of exposure to ground contamination

INHALATION ============ =========........ . = =
8.8E+03 Hours of inhalation exposure per year

1 Resuspension model: 1-Mass Loading, 2-Anspaugh
1.0E-04 Mass loading factor (g/m3)
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INGESTION POPULATION

1 Atmospheric production definition: 1 - Use population-weighted chi/Q

Food production in region assumed to equal consumption.

-..=TERRESTRIAL FOOD INGESTION =

GROW -- IRRIGATION-- PROD- -- CONSUMPTION--
FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE
TYPE d * in/yr mo/yr kg/m2 kg/yr d kg/yr
Leaf Veg 90.0 0 0.0 0.0 1.5 14.0 1.5E+01
Oth. Veg 90.0 0 0.0 0.0 4.0 14.0 1.4E+02

Fruit 90.0 0 0.0 0.0 2.0 14.0 6.4E+01
Cereals 90.0 0 0.0 0.0 0.8 180.0 7.2E+01

ANIMAL FOOD INGESTION

-- -HUMAN- --- TOTAL DRINK ------------- STORED FEED--------------
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR-

FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
TYPE kg/yr d kg/yr FRACT. TION d * in/yr mo/yr kg/m3 d

Meat 7.OE+01 34.0 0.00 0.3 90.00 0 0.0 0.0 0.80 180.0
Poultry 8.5E+00 34.0 0.00 1.0 90.00 0 0.0 0.0 0.80 180.0
Cow Milk 2.3E+02 4.0 0.00 0.3 45.00 0 0.0 0.0 2.00 100.0
Eggs 2.0E+01 18.0 0.00 1.0 90.00 0 0.0 0.0 0.80 180.0

-------------- FRESH FORAGE-------------
Meat 0.75 45.0 0 0.0 0.0 2.00 100.0
Cow Milk 0.75 30.0 0 0.0 0.0 1.50 0.0

Input prepared by: Date:

Input checked by: Date:
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:26:44 Page B. 1

6.4E-02 Population-weighted chi/Q
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C.

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

Committed Weighted
Dose Weighting Dose

Organ Equivalent Factors Equivalent

Gonads 7.0E-01 2.5E-01 1.8E-01
Breast 2.1H-05 1.5E-01 3.2E-06
R Harrow 3.9E+00 1.2E-01 4.7E-01
Lung 3.7E-01 1.2E-01 4.4E-02
Thyroid 2.11-05 3.0E-02 6.4E-07
Bone Sur 5.1E+01 3.0E-02 1.5E+00
Liver 8.8E+00 6.0E-02 5.3E-01
LL Int. 6.1E-03 6.0E-02 3.7E-04
UL Int. 2.0E-03 6.0E-02 1.2E-04
S Int. 3.7E-04 6.0E-02 2.2E-05
Stomach 1.6E-04 6.0E-02 9.5E-06

Internal Effective Dose Equivalent 2.7E+00
External Dose 1.3E-07

Annual Effective Dose Equivalent 2.7E+00

Controlling Organ: Bone Sur
Controlling Pathway: Inh
Controlling Radionuclide: PU239

Total Inhalation EDE: 2.6E+00
Total Ingestion EDE: 9.9E-02
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 2

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

Dose Commitment Year
1 2 3

Internal
Intake
Year: 3 3.7E-04 ...

+

2 3.73-04 3.1E-04 ... Internal
+ + Effective

1 1.2E-01 + 8.0E-02 + 7.9E-02 + ... 2.7E+00 Dose
EquivalentII II II

Internal Cumulative
Annual 1.2E-01 + 8.0E-02 + 7.9E-02 + ... 3.OE+00 Internal
Dose Dose

+++ +

External
Annual 1.38-07 1.2E-07 1.2E-07 ... 5.6E-06
Dose II II II II
Annual Cumulative
Dose 1.2E-01 + 8.0E-02 + 7.9E-02 + ... 3.03+00 Dose

Maximum
1.2E-01 Annual

Dose Occurred
In Year 1
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 3

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

Committed Dose Equivalent by Exposure Pathway

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhale 3.7E-01 3.4E-05 5.5E-05 2.2E-04 6.4E-04 4.9E+01 3.8E+00 6.8E-01
Leaf Veg l.2E-07 1.8E-05 4.6E-05 2.6E-04 8.1E-04 2.7E-01 2.1E-02 3.8E-03
0th. Veg 2.OE-07 3.2E-05 8.0H-05 4.5E-04 l.4E-03 4.7E-01 3.7E-02 6.6E-03
Fruit 6.4E-08 l.OE-05 2.5E-05 1.4E-04 4.4E-04 1.5E-01 1.2E-02 2.1E-03
Cereals 4.1E-07 6.4E-05 1.6E-04 9.1E-04 2.8E-03 9.4E-01 7.3E-02 1.3E-01
Meat 5.3E-11 7.8E-09 2.OE-08 1.1E-07 3.5E-07 1.1E-04 8.8E-06 1.6E-06
Poultry 2.5E-13 3.8E-11 9.6E-11 5.5E-10 1.7E-09 5.7E-07 4.4E-08 7.9E-09
Cow Milk 1.6E-11 2.4E-09 6.OE-09 3.4E-08 1.1E-07 3.5E-05 2.7E-06 4.8E-07
Eggs 2.9E-11 4.6E-09 1.1E-08 6.5E-08 2.OE-07 6.8E-05 5.3E-06 9.4E-C7
Soil Ing 4.4E-10 6.8E-08 1.7E-07 9.7E-07 3.OE-06 l.OE-03 7.9E-05 l.4E-05

Total 3.7E-01 1.6E-04 3.7E-04 2.OE-03 6.1E-03 5.1E+01 3.9E+00 7.OE-0l

Pathway ovaries Muscle Thyroid Liver

Inhale 6.7E-01 2.1E-05 2.1E-05 8.5E+00
Leaf Veg 3.8E-03 1.3E-07 1.2E-07 4.8E-02
0th. Veg 6.5E-03 2.2E-07 2.OE-07 8.3E-02
Fruit 2.1E-03 6.9E-08 6.3E-08 2.6E-02
Cereals 1.3E-02 4.6E-07 4.OE-07 1.7E-01
Meat 1.6E-06 6.6E-11 4.9E-11 2.OE-05
Poultry 7.8E-09 2.7E-13 2.4E-13 9.9E-08
Cow Milk 4.83-07 1.9E-11 1.59-11 6.13-06
Eggs 9.43-07 3.29-11 2.93-11 1.2E-05
Soil Ing 1.43-05 4.7E-10 4.3E-10 1.8E-04

Total 7.03-01 2.1E-05 2.1E-05 8.8E+00
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 4

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

External Dose by Exposure Pathway

Pathway

Plume 1.OE-08
Sur Soil 1.2E-07

Total 1.3E-07
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 5

Release period: 1.0
Uptake/exposure period: 50.0
Dose coammitment period: 50.0
Dose units: Person rem

Cumulative Internal Dose to Organs by Exposure Pathway

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

Inhale 3.7E-01 3.4K-OS 5.5E-05 2.2E-04 6.4E-04 4.9E+O1 3.8E+00 6.8K-al
Leaf Veg 1.2E-07 1.8E-05 4.6E-05 2.6E-04 8.2E-04 2.7E-01 2.1E-02 3.8E-03
0th. Veg 2.OK-07 3.2E-OS 8.0K-OS 4.6E-04 1.4E-03 4.8E-01 3.7E-02 6.6K-03
tzruit 6.4K-08 1.0K-OS 2.5E-05 1.4E-04 4.4E-04 1.5E-01 1.2E-02 2.1E-03

,..d:eals 4.4E-06 6.6E-04 l.7K-03 9.5E-03 2.9E-02 6.OE+00 4.7K-01 7.8E-02
Meat 5.3E-11 7.9K-09 2.OE-08 1.1E-07 3.5E-07 1.1E-04 8.9K-06 1.6E-06
Poultry 2.5E-13 3.8E-11 9.6E-11 5.5E-10 l.7K-09 5.7E-07 4.4E-08 7.9E-09
Cow Milk 1.6E-11 2.4E-09 6.1E-09 3.5E-08 1.1E-07 3.5E-05 2.7E-06 4.9E-07
Eggs 2.9E-11 4.6E-09 1.2E-08 6.6E-08 2.OE-07 6.8E-05 5.3E-06 9.5E-07
Soil Ing 2.1E-O8 3.2E-06 8.1E-06 4.6E-OS 1.4E-04 2.8E-02 2.1E-03 3.5E-04

Total 3.7E-O1 7.6E-04 1.9E-03 l.iE-02 3.3E-02 5.6E+01 4.3E+00 7.7E-O1

Pathway ovaries Muscle Thyroid Liver

Inhale 6.7E-01 2.1K-Os 2.1E-05 8.5E+00
Leaf Veg 3.8E-03 1.33-07 1.2E-07 4.88-02
0th. Veg 6.5E-03 2.2E-07 2.03-07 8.3K-02
Fruit 2.1E-03 7.0K-OS 6.3K-O8 2.6K-02
Cereals 7.7E-02 5.3E-06 4.2E-06 1.2E+00
Meat 1.6E-06 6.6K-li 5.0K-1l 2.0K-OS
Poultry 7.8K-09 2.7E-13 2.4E-i3 1.OE-07
Cow Milk 4.8E-07 1.9E-11 1.5K-il 6.2E-06
Eggs 9.4E-07 3.2K-il 2.9K-li 1.2K-OS
Soil Ing 3.5E-04 2.2K-OS 2.OK-OB 5.5E-03

Total 7.6E-01 2.6K-OS 2.5K-O5 9.9E+00
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 6

Release period: 1.0
Uptake/exposure period: 50.0
Dose coinitment period: 50.0
Dose units: Person rem

External Dose by Exposure Pathway

Pathway

Plume 1.OE-08
Sur Soil 5.6E-06

Total 5.6E-06

Apps"id J Annex 1-10



GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 7

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

Committed Dose Equivalent by Radionuclide

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

AM 241 5.9E-02 3.OE-05 7.OE-05 3.9E-04 1.2E-03 7.5E+00 5.8E-01 1.OE-01
PU 239 3.1E-01 1.3E-04 3.OE-04 1.6E-03 5.0E-03 4.3E+01 3.3E+00 6.0E-01

Total 3.7E-01 1.6E-04 3.7E-04 2.OE-03 6.1E-03 5.1E+01 3.9E+00 7.OE-01

Radionuclide Ovaries Muscle Thyroid Liver

AM 241 1.OE-01 3.5E-06 3.3E-06 1.3E+00
PU 239 5.9E-01 1.8E-05 1.8E-05 7.5E+00

Total 7.OE-01 2.1E-05 2.1E-05 8.8E+00

External Dose by Radionuclide

Radionuclide

AM 241 1.2E-07
PU 239 7.7E-09

Total 1.3E-07
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GENII Dose Calculation Program
(Version 1.485 3-Dec-90)

Case title: BOMARC: 1995 POPULATION DOSE - BASELINE ASSESSMENT
Executed on: 04/23/92 at 15:28:22 Page C. 8

Release period: 1.0
Uptake/exposure period: 50.0
Dose commitment period: 50.0
Dose units: Person rem

Cumulative Internal Dose to Organs by Radionuclide

Radionuclide Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes

AM 241 5.9E-02 3.1E-04 7.9E-04 4.5E-03 1.4E-02 9.8E+00 7.7E-01 1.4E-01
PU 239 3.1E-01 4.5E-04 1.11-03 6.1E-03 1.9E-02 4.6E+01 3.6E+00 6.3E-01

Total 3.7E-01 7.6E-04 1.9E-03 1.1E-02 3.3E-02 5.6E+01 4.31+00 7.7E-01

Radionuclide Ovaries Muscle Thyroid Liver

AM 241 1.31-01 6.3E-06 5.1E-06 1.8E+00

PU 239 6.3E-01 2.01-05 2.OE-05 8.1E+00

Total 7.61-01 2.6E-05 2.51-05 9.9E+00

External Dose by Radionuclide

Radionuclide

AM 241 5.3E-06
PU 239 3.2E-07

Total 5.6E-06
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SECTION 1
INTRODUCTION

Gamma Spectroscopy Was Used To Determine The Location And
Approximate Concentration Of Radioactivity At The BOMARC

Missile Site

This report describes the equipment and methods used to
perform the in-situ gamma ray measurements at the BOMARC
missile site. Included is a discussion of the calibration
and measurement techniques.

Section 1 is an introduction to the report. Section 2
describes the equipment used for the project. The detector
efficiency calibrations are discussed in section 3, and
section 4 reports on the experiments used to test the
measurement technique and their results. Section 5 is
concerned with the actual measurements, the location and
results, as well as the measurements of the soil samples and
core samples. Section 6 is a summary and conclusion forthis report.

This report describes the in-situ gamma ray measurements,
equipment calibration and measurement techniques, as well as
listing the results of the survey.
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SECTION 2
EQUIPMENT AND METHODOLOGY

[Low Energy Photon Detectors Were Used To Acquire The Gamma
K.....Ray Spectra

The area on and around the BOMARC missile site was
contaminated with Plutonium-239 and Americium-241. It was
necessary to use a method that would detect the plutonium in
concentrations less than 0.2 uCi per square meter.

We chose to look for the 60 key gamma ray of the Am-241
because of the greater energy and penetrating power. We
felt that after 30 years the plutonium would have migrated
deeply enough into the soil that the low energies of
radiation would be essentially completely absorbed by the
soil.

The 60 kev gamma ray is low enough in energy that it
undergoes significant absorption in the endcaps of
conventional germanium detectors. This makes it difficult

to achieve the desired sensitivity for field measurements.
To increase counting efficiency, we acquired two low energy
photon detectors with thin beryllium windows designed to
measure x-ray and gamma radiation in the range in which we
were interested.

The electricity for the detectors was supplied by a portable
gas powered generator. The electrical power was run through
a power conditioner to prevent variations in current and
voltage from damaging the equipment. The high voltage power
supply and amplifier for each detector were standard NIM
modules mounted in NIM bins. The signal was processed using
an analog to digital converter (ADC) and multichannel
analyzer (MCA) on board an IBM compatible portable computer.

The spectra were analyzed using comercially available
software prepared by Nuclear Data Corporation (now part of
Canberra Industries Inc.).

There was a need to determine the area of ground surface at
which the detector would actually be looking and to mount
the detector so that it would be positioned the same for
every measurement. We designed and built a lead shield to
act as a collimator and to define the area from which theJ detector could receive activity. The area that was actually

'9
I



measured was approximately 12.57 square meters, or a circle
4 meters in diameter. Radiation at the energy of interest
from outside this circle would be absorbed by the lead
shield. The detector and shield were suspended 4 feet above
the ground from a table designed for the purpose.
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EFFICIENCY CALIBRATION

I The Detector Efficiencies Were Determined Using A
Mathematical Model Of Calibration For Extended Sources

The absolute efficiency of a gamma ray detector is defined
as the ratio of the number of counts a detector produces to
the the number of gamma rays that the source emits
(counts/gamma). The method of calibration for most
applications is to prepare a source exactly like the samples
to be measured containing a known amount of radioactivity,
and then measure the prepared source and calculate the
efficiency. This method proved impractical for the in-situ
measurements.

The low energy photon detectors were calibrated using a NIST
traceable mixed nuclide point source, and the efficiencies
were calculated according to the method described in
Technigue of Gamma-Ray Detector Absolute Efficiency
Calibration for Extended Sources, J. E. Cline, Science
Applications International Corporation (1978). The point
source is measured at several locations around the detector
to determine how the efficiency changes as the distance from
the detector changes. These detector responses are
represented by equations, which can then be used to
calculate efficiencies for any regularly shaped object of
known size and composition.

A problem with this method, or any other, is that the
activity for these in-situ measurements was expected to be
in discrete particles randomly distributed throughout the
soil. We were forced to make an assumption that the
activity was evenly distributed throughout the area that we
were scanning, a circle of radius 2 meters and 5 centimeters
deep. If the activity detected is from a single particle
directly under the detector, the actual activity will be
lower than the reported result. If the activity is from a
single particle at the edge of the area being scanned or
buried very deep in the ground (>5 cm), the actual activity
will be greater than the reported result.

In addition, the assumed depth distribution influences the
counting efficiency as well as the calculated contamination
levels. If the activity were distributed evenly over the
surface (i.e. zero depth distribution) the actual activity
would be 0.66 of that reported for the assumed distribution.
If the activity were evenly distributed throughout the top
15 centimeters, the actual activity would be 1.9 times that
reported for the assumed distribution.



The benefits of using this method of calibration are that
the efficiency can be calculated using any parameters for
the size and composition of the sample. We were also able
to measure the activity for the surface soils and cores of
soil as well as concrete and asphalt to obtain preliminary
results on these samples before they were shipped for
analysis in a laboratory without any further calibration
measurements.



SECTION 4
METHOD VERIFICATION

The Measurement Technique Was Successfully Tested At
SAIC's Rockville Office

Using calculations we were able to show that we could
theoretically detect Am-241 in the required concentrations
using our equipment. We performed some experiments to show
that the technique would work in the field.

A point source of Am-241 containing 8 uCi of activity was
positioned at various locations around the detector and
buried at various depths below the surface. Table 1 shows
the location, depth below the surface, and the length of
time the sample was counted to detect the activity with less
than 50 per cent uncertainty at the 95 per cent confidence
level.

Table 1
In-Situ Measurement Experiments

Distance From Center Of Sample Area

0 meters 1 meter 2 meters

0 cm 100 sec. 100 sec. 100 sec.

Depth 2.5 cm 100 sec. 100 sec. 1000 sec.

5 cm 300 sec. 1000 sec. 3000 sec.

Count Times Required To Detect 8 uCi Of Am-241

Based on the results of these experiments and the
calculations using theoretical backgrounds and efficiencies,
we determined that a 3000 second count time would be
sufficient for each of the in-situ measurements.



DATA COLLECTION AND RESULTS

Over 400 Gamma Ray Analyses Were Performed To Complete The
In-Situ Measurements

The first step in performing the measurements was to
determine the locations to be measured. A grid was laid out
with points to be gamma scanned every 60 feet. Map 1 shows
the location of all of the points measured during the in-
situ survey. The points on the map try to approximate the
actual locations of the points that were measured, and in
some cases are difficult to determine the identity of the
point. To accurately identify a point locate the East-West
line that the point is located in. For points inside the
fence, start with the letter Z and move backwards through
the alphabet as you move east on the map until you reach the
desired point. For points outside the fence start with the
letter A and move forwards through the alphabet as you move
west on the map until you reach the desired point. The
East-West lines should be easily identified by the numbers
along the bottom of the page. All points that contained
measureable quantities of Am-241 are circled on Map 1.

The measurements on-site, or inside the fence, showed that
the activity was mostly inside the concertina wire or had
been washed down the ditch following the water drainage.
The only anomaly is point 99T. Some activity can be seen
following the water drainage north as well as the main path
to the south. Map 2 clearly shows the drainage ditch
heading south and exiting the site where the drain goes
under the fence. The largest concentration of activity is
located at the edge of the pavement where the drainage from
the road first enters the ditch. Another high activity area
is directly east of the concrete apron, where the original
decontamination may have taken place. Building 208 is'shown
as contaminated. This is where radioactive waste from
previous surveys is presently being stored. The results of
all of the on-site measurements are included in the second
part of Table 2.

The off-site measurements, or outside the fence, show most
of the activity collected in the ponding area across the
road on the firing range. There is a small spot of high
activity just north of the ditch after it crosses the road.
The remainder of the activity across the road is in the low
lying area between the road and a low ridge to the east of
the ponding area. There was no activity in the dirt road
leading west into the firing range (lines 36 and 37), but
activity appears again south of the dirt road and follows



the drainage towards the ditch going east under Route 539.
There was no activity detected in the ditch on the east side
of Route 539 south of the site.

There are patches of activity outside the fence on the east
side of Route 539 directly west of the site. Some activity
follows the water drainage from the site towards the
transformer. The transformer size and location are not
accurate on these maps, the measurement for point 19B is
actually outside of the fenced in area. From the
transformer the activity follows along the north edge of the
paved driveway but stops before it reaches the road. There
is also a small amount of activity at point 36F just south
of where the ditch going west passes under Route 539. The
remainder of the activity is located in the center of the
woods. Line 11 shows a spot where activity is apparently
coming across the fence. Line 13 shows a line of activity
that stops before it reaches the road. Line 12 is along the
top of a ridge through the woods and contains no measureable
activity. There are two points in line 17 that showed some
measureable activity also. The results of all of the off-
site measurements are included in the first part of Table 2.

There were 23 points measured inside the fence that were not
part of the grid. These points are identified on Map 1 as
ES followed by a number. These were areas identified in
previous surveys or by high background readings as potential
areas of activity. ES9 and ES23 were the only two points
that contained measureable Am-241 activity. ES9 was just
outside the concertina wire behind building 212. ES23 was a
drain behind building 202 that goes under West Von Braun
Drive and leads to the drainage ditch heading north. The
results for all of these extra points are listed at the end
of Table 2.

The other measurements performed at the site were short
counts (300-1000 seconds) on all of the samples that were to
be shipped off site for additional analyses except the
surface waters. The cement and asphalt cores were also
scanned to determine the activity on the surface and between
the layers of cement. Some of the cores were damaged or
otherwise affected so that it was difficult to determine
which end was the top and which end was the bottom, and some
of the results may be reversed. All of the results on these
samples are listed in tables 3 through 13.



SECTION 6
SSUMMARY AND CONCLUSION

The results for all of the gamma scans for the in-situ
survey were calculated using Nuclear Data software. The
counting efficiencies and therefore absolute numerical
results, were based on an assumption of uniform lateral
distribution throughout the areas surveyed and uniform depth
distribution to 5 cm.

The data in Figures 1 and 2 and Tables 1 and 2 show the
distribution and relative quantities of contamination in the
areas of interest. Absence of observed contamination in
some areas (e.g., 12A, B and/or C) may not mean that
contamination is not present but simply that it may have
been covered with uncontaminated fill or cover material.
Data reported in Tables 3 through 13 are for actual samples.
These data were collected for screening purposes. The
counting efficiencies used to obtain quantitative data
assumed uniform distribution throughout the sample.

There were no background corrections performed. Backgrounds
were collected at four points on the site behind buildings
111 and 113. Two spots are in a road and two spots are over
soil. These points are marked on Map 1 with an X. No
background activity was detected in the 60 key region.

All of the spectra were visually checked to verify the
presence or absence of peaks at 60 kev as well as at 14 key.
No activity was present in any of the spectra at 14 kev.

The work performed by personnel from the Rockville office of
SAIC was completed using a quality assurance program based
on USNRC Regulatory Guide 4.15.
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Table 2
iN-sr1 M&ERXEI

OUTSIE WE FENCE

SAMPLE IDCtI AM-241 ACTIVI7Y 2-SIQM ER PU-239 ACTIV1IY(uci/sq. meter) (t) (-Ci/sq. meter)

1A < 1.32.E-02 < 7.86E-02
2A < 7.29E-03 < 4.37E-02
3A < 8.11E-03 < 4.87E-02
4A < 1.23E-02 < 7.38E-02
5A < 1.34E-02 < 8.04E-02
6A < 8.73E-03 < 5.24E-02
7A < 8.13E-03 < 4.88E-02
8A < 1.flE-02 < 6.66E-02
9A < 1.10E-02 < 6.60E-02
10A < 7.89E-03 < 4.73E-02
11A 2.38E-02 57.4 1.43E-01
12A < 1.05E-02 < 6.30E-02
13A < 1.03E-02 < 6.18E-02
14A < 8.73E-02 < 5.24E-01
15A < 1.26E-02 < 7.56E-02
16A < 8.31E-02 < 4.99E-01
17A < 1.18E-02 < 7.08E-02
18A 8.89E-02 18.8 5.33E-01
19A < 1.08E-02 < 6.4SE-02
20A < 7.89E-03 < 4.73E-02
21A < 7.76E-03 < 4.66E-02
22A < 1.05E-02 < 6.30E-02

3B < 1.24E-02 < 7.44E-02
4B < 1.26E-02 < 7.56E-02
5B < 1.13E-02 < 6.78E-02
6B < 1.08E-02 < 6.48E-02
7B < 1.10E-02 < 6.60E-02
8B < 8.73E-03 < 5.24E-02
9B < 1.08E-02 < 6.48E-02
10B 5.55E-02 34.6 3.33E-01
liB 7.73E-02 21.4 4.64E-01
12B < 8.45E-03 < 5.07E-02
13B 6.48E-02 27.6 3.89E-01
14B < 8.47E-03 < 5.08E-02
15B 3.58E-02 40.4 2. 1E-01
16B < 9.16E-03 < 5.50E-02
17B < 7.91E-03 < 4.75E-02
18B < 6.54E-03 < 3.92E-02
19B < 1.10E-02 < 6.60E-02
20B 6.42E-02 23.2 3.85E-01
21B < 8.13E-03 < 4.88E-02
22B < 6.54E-03 < 3.92E-02



Table 2 (Cont.)
IN-SITU MEASUREMENTS

OUTSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) (%) (uCi/sq. meter)

7C < 7.60E-03 < 4.56E-02
Sc < 6.23E-03 < 3.74E-02
9C < 8.28E-03 < 4.97E-02
10C < 6.23E-03 < 3.74E-02
lic < 9.12E-03 < 5.47E-02
12C < 8.90E-03 < 5.34E-02
13C 8.21E-02 28.6 4.93E-01
14C 2.29E-02 so 1.37E-01
15C 5.66E-02 41.2 3.40E-01
16C < 1.29E-02 < 7.74E-02
17C < 1.14E-02 < 6.84E-02
1SC < 8.93E-03 < 5.36E-02
19C 2.57E-02 68.4 1.54E-01
20C 2.89E-01 10 1.73E+00
21C < 9.83E-03 < 5.90E-02
22C < 1.13E-02 < 6.75E-02
23C < 8.06E-03 < 4.84E-02

10D < 1.06E-02 < 6.36E-02
lID < 9.56E-03 < 5.74E-02
12D < 9.06E-03 < 5.44E-02
13D 5.93E-02 30.6 3.56E-01
14D 1.69E-02 78.6 1.01E-01
15D < 8.23E-03 < 4.94E-02
16D < 7.52E-03 < 4.51E-02
17D 4.14E-02 37.4 2.48E-01
18D < 6.54E-03 < 3.92E-02
19D < 1.22E-02 < 7.32E-02
20D 8.75E-02 29.2 5.25E-01
21D < 6.54E-03 <.3.92E-02
22D < 1.10E-02 < 6.'60E-02
23D < 8.32E-03 < 4.99E-02
24D < 1.10E-02 < 6.60E-02



Table 2 (Cant.)
IN-S ITU MEASUREMENTS
OUTSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) M% (uCi/sq. meter)

10E < 1.28E-02 < 7.68E-02
liE < 2.32E-02 < 1.39E-01
12E < 1.29E-02 < 7.74E-02
13E 3.48E-02 39.8 2.09E-01.
14E < 9.65E-03 < 5.79E-02
15E < 1.20E-02 < 7.20E-02
16E < 1.20E-02 < 7.20E-02
17E 2.76E-02 39.2 1.66E-01
1SE < 8.23E-03 < 4.94E-02
19E < 1.20E-02 < 7.20E-02
20E l.lSE-O1 19.8 7.08E-01
21E < 1.13E-02 < 6.78E-02
22E < 1.12E-02 < 6.72E-02
23E < 8.04E-03 < 4.82E-02
24E < 6.54E-03 < 3.92E-02
25E < 8.30E-03 < 4.98E-02
26E < 9.55E-03 < 5.73E-02
41E < 9.95E-03 < 5.97E-02

lOF < 1.14E-02 < 6.84E-02
11F < 9.28E-03 < 5.57E-02
12F < 9.49E-03 < 5.69E-02
13F < 8.34E-03 < 5.OOE-02
14F < 1.20E-02 < 7.20E-02
15F < 8.58E-03 < 5.15E-02
16F < 8.19E-03 < 4.91E-02
17F < 7.83E-03 < 4.7CE-02
18F < 7.96E-03 < 4.78E-02
19F < 7.76E-03 < 4.66E-02
20F < 7.91E-03 < 4.75E-02
21F < 7.47E-03 < 4.48E-02
22F < 1.20E-02 < 7.20E-02
23F < 6.54E-03 < 3.92E-02
24F < 1.10E-02 < 6.60E-02
25F < 1.02E-02 < 6.12E-02
26F 3.32E-02 61.8 1.99E-01
27F < 7.81E-03 < 4.69E-02
2SF < 9.57E-03 < 5.74E-02
29F < 8.87E-03 < 5.32E-02
30F < 9.70E-03 < 5.82E-02
41F < 9.23E-03 < 5.54E-02



Table 2 (Cont.)
IN-SITU MEASUREMENTS

OUTSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) (%) (uCi/sq. meter)

18G < 1.07E-02 < 6.42E-02
19G < 7.92E-03 < 4.75E-02
20G < 8.73E-03 < 5.24E-02
21G < 8.78E-03 < 5.27E-02-
22G < 7.87E-03 < 4.72E-02
23G < 8.65E-03 < 5.19E-02
24G < 1.16E-02 < 6.96E-02
25G < 7.60E-03 < 4.56E-02
26G < 6.5tE-03 < 3.92E-02
27G < 9.86E-03 < 5.92E-02
28G < 7.98E-03- < 4.79E-02
29G < 7.78E-03 < 4.67E-02
30G < 9.20E-03 < 5.52E-02
40G < 6.71E-03 < 4.03E-02
41G < 1.86E-02 < 1.12E-01
42G < 8.37E-03 < 5.02E-02

19H < 7.88E-03 < 4.73E-02
20H < 1.12E-02. < 6.72E-C2
21H < 1.16E-02 < 6.96E-02
22H < 8.77E-03 < 5.26E-02
23H < 6.54E-03 < 3.92E-02
24H < 8.43E-03 < 5.06E-02
25H 1.14E-01 22.2 6.84E-01
26H 8.15E-01 10 4.89E+00
27H < 1.33E-02 < 7.98E-02
28H < 9.46E-03 < 5.68E-02
29H < 8.02E-03 < 4.81E-02
30H < 9.30E-03 < 5.58E-02
31H < 9.71E-03 < 5.83E-02
32H < 6.71E-03 < 4.03E-02
40H < 9.81E-03 < 5.89E-02
41H < 9.75E-03 < 5.85E-02
42H < 9.49E-03 < 5.69E-02

I



I Table 2 (Cont.)
IN-SITU MEASUREMENTS

OUTSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) (%) (uCi/sq. meter)

211 < 1.18E-02 < 7.08E-02
221 < 1.19E-02 < 7.14E-02
231 < 1.14E-02 < 6.84E-02
241 < 1.08E-02 < 6.48E-02
251 < 8.59E-03 < 5.15E-02
261 1.03E+00 10 6.18E+00
271 < 8.54E-03 < 5.12E-02
281 1.45E-01 11 8.70E-01
291 < 7.37E-03 < 4.42E-02
301 < 8.85E-03 < 5.31E-02
311 < 8.06E-03 < 4.84E-02
321 < 1.04E-02 < 6.24E-02
331 < 8.06E-03 < 4.r4E-02
341 < 8.54E-03 < 5.12E-02
381 < 8.06E-03 < 4.84E-02
391 < 9.68E-03 < 5.81E-02
401 < 1.03E-02 < 6.18E-02
411 4.33E-02 50.2 2.60E-01
421 < 1.06E-02 < 6.36E-02

25J < 1.13E-02 < 6.78E-02
26J < 9.25E-03 < 5.55E-02
27J 8.27E-02 18.6 4.96E-01
28J < 9.53E-03 < 5.72E-02
29J < 8.07E-03 < 4.84E-02
30J < 8.27E-03 < 4.96E-02
lJ < 9.31E-03 < 5.59E-02

32J < 1.02E-0_ < 6.12E-02
33J < 9.88E-03 < 5.93E-02
34J < 8.68E-03 < 5.21E-02
35J < 8.27E-03 < 4.96E-02
37J < 9.28E-03 < 5.57E-02
38J < 1.04E-02 < 6.24E-02
39J 2.50E-01 10 1.50E+00
40J 7.72E-02 21.6 4.63E-01
41J < 8.24E-03 < 4.94E-02

p



S Table 2 (Cont.)
IN-SITU MEASUREMENTS

OUTSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) (%) (uCi/sq. meter)

27K < 7.99E-03 < 4.79E-02
28K < 9.57E-03 < 5.74E-02
29K 1.20E-01 15.8 7.20E-01
30K < 9.27E-03 < 5.56E-02"
31K < 8.34E-03 < 5.00E-02
32K < 9.77E-03 < 5.86E-02
33K < 9.50E-03 < 5.70E-02
34K 2.06E-01 10 1.24E+00
35K 2.45E-01 10 1.47E+00
36K < 8.81E-03 < 5.29E-02
37K < 7.65E-03 < 4.59E-02
38K 8.25E-02 26.4 4.95E-01
39K 5.51E-02 28.4 3.31E-01
40K < 1.06E-02 < 6.36E-02
41K < 7.82E-03 < 4.69E-02

* 28L < 8.61E-03 < 5.17E-02
29L 4.25E-01 10 2.55E+00
30L 4.84E-01 10 2.90E+00
31L < 8.17E-03 < 4.90E-02
32L 2.06E-01 10.6 1.24E+00
33L 3.73E-01 10 2.24E+00
34L < 9.72E-03 < 5.83E-02
35L < 9.26E-03 < 5.56E-02
36L < 7.97E-03 < 4.78E-02
37L < 1.01E-02 < 6.06E-02
38L < 9.35E-03 < 5.61E-02

28M < 9.23E-03 < 5.54E-02
29M < 8.01E-03 < 4.81E-02
30M < 9.10E-03 < 5.46E-02
31M 8.09E-02 26.6 4.85E-01
32M < 9.92E-03 < 5.95E-02
33M < 1.03E-02 < 6.18E-02
34M < 9.65E-03 < 5.79E-02
35M < 1.02E-02 < 6.12E-02
36M < 6.77E-03 < 4.06E-02
37M < 7.70E-03 < 4.62E-02
38M < 9.92E-03 < 5.95E-02

30N < 9.07E-03 < 5.44E-02
31N < 9.95E-03 < 5.97E-02
32N < 9.18E-03 < 5.51E-02

I



Table 2 (Cont.)
IN-S ITU MEASUREMENTS

INSIDE "HdE FENCE

SAMPLE LO0CATION AM-241. ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(Cud/sq. meter) M% (udi/sq. meter)

SQ < 1.05E-02 < 6.30E-02
9Q < 1.12E-02 < 6.72E-02
l0Q < 7.90E-03 < 4.74E-02
1lQ < 7.27E-03 < 4.36E-02'
12Q < 8.01E-03 < 4.81E-02
13Q < 9.57E-03 < 5.74E-02

3R < 1.21E-02 < 7.26E-02
4R < 9.88E-03 < 5.93E-02
5R < 1.92E-02 < 1.15E-01
6R < 1.74E-02 < 1.04E-01
7R < 8.09E-03 < 4.85E-02
SR 5.83E-02 31.6 3.50E-01
9R 1.36E-01 16.6 8.16E-01
lOR < 9.94E-03 < 5.96E-02
11R 2.09E-02 90.4 1.25E-01
12R < l.OOE-02 < 6.OOE-02

13R < 1.10E-02 < 6.60E-02

3S < 1.21E-02 < 7.26E-02
4S < 9.65E-03 < 5.79E-02
5S < 8.16E-03 < 4.90E-02
6S 6.73E-01 10 4.04E+00
7S < 5.30E-03 < 3.18E-02
8s 1.10E-01 15.8 6.60E-01
95 < 8.24E-03 < 4.94E-02
105 4.52E-02 35.8 2.71E-01
uiS < 6.81E-03 < 4.09E-02
12S < 1.56E-02 < 9.36E-02
13S < 9.17E-03 < 5.50E-02

97T < 1.04E-02 < 6.24E-02
98T < 1.03E-02 < 6.18E-02
99T 1.15E-01 20.4 6.90E-01
IT < 9.15E-03 < 5.49E-02
3T < 1.19E-02 < 7.14E-02
4T < 9.17E-03 < 5.50E-02
5T < 8.02E-03 < 4.81E-02
6T < 1.21E-02 < 7.26E-02
7T 3.38E-01 12.6 2.03E+00
ST 1.85E+00 10 1.11E+01
9T < 6.41E-03 < 3.85E-02
10T 5.79E-02 33.8 3.47E-01
11lT 2.93E-02 39.6 1.76E-01
12T < 1.62E-02 < 9.72E-02
13T < 8.44E-03 < 5.06E-02



Table 2 (Cont.)
IN-SrIU HASURElMERI

IN~SIDE ViE FENCE

SAMPLE WDCNfG AM-241 ACTIV1ITY 2-SIG~ ERFC FU-239 ACT~IVITY
(uCi/sq. meter) (M) (Uci/sq. meter)

97U < 1.05E-02 < 6.30E-02
98U < 1.26E-02 < 7.56E-02
99U < 1.26E-02 < 7.56E-02
lU < 1.14E-02 < 6.84E-02
2U < 1.06E-02 < 6.36E-02
3U < 1.20E-02 < 7.20E-02
4U < 9.25E-03 < 5.55E-02
5U < 1.89E-02 < 1.13E-0O
6U 6.22E-02 38 3.73E-01
7U < 9.38E-03 < 5.63E-02
8U 5.05E-02 41.2 3.03E-01
9U < 7.OOE-03 < 4.20E-02
loU 4.65E-02 26.8 2.79E-01
1lU 1.85E-02 63.2 1.13E-01
12U < 1.49E-02 < 8.94E-02
13U < 8.91E-03 < 5.35E-02

97V < 1.20E-02 < 7.20E-02
98V < 1. 07E-02 < 6.42E-02
Iv < 1.12E-02 < 6.72E-02
2V < 6.54E-03 < 3.92E-02
3V < 1.16E-02 < 6.96E-02
4V < 9.17E-03 < 5.50E-02
5V 8.15E-02 24.2 4.89E-O1
6V 6.34E-02 18 3.80E-O1
7V 6.82E-01 10 4.09E+00
8V 4.09E-OI 10 2.45E+00
9V 1.30E-0I 21 7.80E-01
icV 4.36E-02 33.2 2.62E-01
liv 1.07E-02 105.4 6.42E-02
12V < 1.62E-02 < 9.72E-02
13V < 8.25E-03 < 4.95E-02
14V < 7.06E-03 < 4.24E-02
15V < 7.10E-03 < 4.26E-02
16V < 1.12E-02 < 6.72E-02

I



Table 2 (Cont.)
IN-S ITU MEASUREMENTS

INSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) M% (uCi/sq. meter)

97W < 1.09E-02 < 6.54E-02
98W < 1.23E-02 < 7.38E-02
99W < 1.01E-02 < 6.06E-02
1W < 1.08E-.02 < 6.48E-02
2W < 1.04E-02 < 6.24E-02
3W < 1.23E-02 < 7.38E-02
4W < 1.07E-02 < 6.42E-02
5W < 1.83E-02 < 1.1OE-01
6W 1.25E-01 13.8 7.50E-01
7W 1.61E+-00 10 9.66E+00
8W 8.33E-02 19 5.00E-01
9W 1.07E-01 17.4 6.42E-01
low 5.42E-02 33.6 3.25E-01
11W < 6.45E-03 < 3.87E-02
12W < 1.52E-02 < 9.12E-02
13W 3.30E-02 40.8 1.98E-01
14W < 8.40E-03 < 5.04E-0215W < 8.24E-03 < 4.94E-0216W < 8.43E-03 < 5.06E-02

97X < 1.29E-02 < 7.74E-02
98X < 1.19E-02 < 7.14E-02
99X < 1.38E-02 < 8.28E-02
lx < 1.10E-02 < 6.60E-02
2X < 9.93E-03 < 5.96E-02
3X < 1.23E-02 < 7.38E-02
4X < 2.33E-02 < 1.40E-01
5X 4.79E-02 33.8 2.87E-01
6X 4.OOE-02 61.6 2.40E-01
7X < 9.31E-03 < 5.59E-02
eX 8.64E+00 10 5.18E+ý01
9X 9.13E-01 10 5.48E+00
lox 2.83E-02 71 1.70E-01
lix 6.97E-02 27.2 4.18E-01
12X 1.18E-01 22.5 7.0BE-01
13X 1.11E-02 125.4 6.66E-02
14X <1.29E-02 < 7.74E-02
15x < 1.24E-02 < 7.44E-02
16X < 8.65E-03 < 5.19E-02
17X < 1.03E-02 < 6.18E-02



Table 2 (Cont.)
IN-S ITU MEASUREMENTS

INS IDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) M% (uCi/sq. meter)

97Y < 9.12E-03 < 5.47E-02
98Y < 1.15E-02 < 6.90E-02
99Y < 9.54E-03 < 5.72E-02
ly < 1.17E-02 < 7.02E-02'
2Y 1.88E-02 57.8 1.13E-01
3Y < 8.88E-03 < 5.33E-02
4Y 2.96E-02 64.6 1.78E-01
5Y < 1.16E-02 < 6.96E-02
6Y 1.10E-01 19.6 6.60E-01
7Y 3.96E-02 40 2.38E-01
By 4.06E+00 10 2.44E+01
9Y 9.25E-02 24.6 5.55E-01
lbY 1.41E-01 14 8.46E-01
ilY 2.57E-02 56.8 1.54E-01
12Y 8.85E-02 27.6 5.31E-01
13Y 9.57E-02 18.4 5.74E-01
14Y 9.37E-02 17 5.62E-01
15iY 7.32E-02 22.8 4.39E-01
16Y < 7.68E-03 < 4.61E-02
17Y 2.03E-02 63 1.22E-01
lay < 8.07E-02 < 4.84E-01
19Y < 1.26E-02 < 7.56E-02

97Z < 1.10E-02 < 6.60E-02
98Z < 9.66E-03 < 5.80E-02
99Z < 1.03E-02 < 6.18E-02
1Z < 1.19E-02 < 7.14E-02
2Z < 1.16E-02 < 6.96E-02
3Z < 9.91E-03 < 5.95E-02
4Z < 2.18E-02 < 1..31E-01
5z < 9.65E-03 < 5.79E-02
6Z < 9.58E-03 < 5.75E-02
7Z < 8.77E-03 < 5.26E-02
eZ < 1.20E-02 < 7.20E-02
9Z < 1.10E-02 < 6.60E-02
10Z < 9.96E-03 < 5.98E-02
liZ 8.16E-02 32.2 4.90E-01
12Z < 2.09E-02 < 1.25E-01
13Z < 1.20E-02 < 7.20E-02
14Z < 2.21E-02 < 1.33E-01
15Z < 2.21E-02 < 1.33E-01
16Z < 1.31E-02 < 7.86E-02
17Z < 2.08E-02 < 1.25E-01Ie 88 .67E-02 33.6 5.20E-01
19Z < 1.15E-02 < 6.90E-02



Table 2 (Cont.)
IN-SITU MEASUREMENTS

INSIDE THE FENCE

SAMPLE LOCATION AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sq. meter) (%M (uCi/sq. meter)

ESI < 1.32E-02 < 7.92E-02
ES2 < 1.07E-02 < 6.42E-02
ES3 < 1.12E-02 < 6.72E-02
ES4 < 1.40E-02 < 8.40E-02"
ES5 < 9.98E-03 < 5.99E-02
ES6 < 9.49E-03 < 5.69E-02
ES7 < 1.31E-02 < 7.86E-02
ES8 < 1.OE-02 < 6.06E-02
ES9 1.80E-02 67.4 1.08E-01
ES1o < 2.48E-02 < 1.49E-01
ESII < 8.57E-03 < 5.14E-02
ES12 < 9.70E-03 < 5.82E-02
ES13 < 1.OOE-02 < 6.O0E-02
ES14 < 1.04E-02 < 6.24E-02
ES15 < 1.07E-02 < 6.42E-02
ES16 < 1.03E-02 < 6.18E-02
ESI7 < 2.52E-02 < 1.51E-01
ES18 < 1.06E-02 < 6.36E-02
ES19 < 1.04E-02 < 6.24E-02
ES20 < 2.27E-02 < 1.36E-01
ES21 < 2.62E-02 < 1.57E-01
ES22 < 1.08E-02 < 6.48E-02
ES23 6.40E-02 42.2 3.84E-01

p



p
TABLE 3

EPA WATER SAMPLES

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

EPA 1 <8.95E-05
EPA 2 <1.34E-04
BO-SW-6-DUP #1 <1.23E-04
BO-SW-6-DUP #2 <1.53E-04

p

p



I
TABLE 4

001-SL-PS*-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SL-PS1-001 8.63E-04 11.0 5.18E-03
001-SL-PS2-001 2.02E+00 10.0 1,21E+01
001-SL-PS3-001 1.59E+00 10.0 9.54E+00

p

p



P TABLE 5
001-SL-00*-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SL-001-001 <3.22E-04
001-SL-001-002 1.91E-03 72.1 1.15E-02
001-SL-002-001 <5.82E-04
001-SL-002-002 <3.45E-04
O01-SL-003-001 1.86E-03 57.4 1.12E-02
001-SL-003-002 <3.60E-04
001-SL-004-001 <4.81E-04
001-SL-004-002 <2.83E-04

D

I



TABLE 6O01-SW-***-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SW-CBI-001 <5.69E-04
O01-SW-CB1-002 <2.54E-04
001-SW-CB1-003 <5.55E-04
001-SW-CBI-004 <3.01E-04
001-SW-CB1-005 <6.33E-04
001-SW-CB1-006 <5.82E-04
001-SW-PB1-001 <2.92E-04
001-SW-PBl-002 <2.88E-04
001-SW-PBl-003 <6.20E-04
001-SW-PBl-004 <5.95E-04
001-SW-PBl-005 <6.45E-04
001-SW-PBI-006 <2.92E-04

p

I



I TABLE 7
001-SL-AP*-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITI
(uCi/sample) (%) (uCi/sample)

001-SL-APl-001A <9.37E-04
001-SL-APl-001B 5.98E-03 27.6 3.59E-02
001-SL-APl-002A 4.74E-02 10.0 2.84E-01
001-SL-APl-002B 1.71E-01 10.0 1.03E+00
001-SL-APl-003A 2.33E-02 10.0 1.40E-01
001-SL-API-003B 1.21E-02 10.0 7.26E-02
0O1-SL-AP2-001A <1.58E-03
001-SL-AP2-001B 1.30E-03 75.0 7.80E-03
001-SL-AP2-002A 2.44E-03 38.8 1.46E-02
001-SL-AP2-002B 1.35E-03 59.8 8.10E-03
001-SL-AP2-003A <2.02E-04
001-SL-AP2-003B <1.95E-04
001-SL-AP3-001A <1.17E-03
001-SL-AP3-001B <1.04E-03
001-SL-AP3-002A 1.80E-03 52.8 1.08E-02
001-SL-AP3-002B <6.26E-04
001-SL-AP4-O01A <1.00E-03
001-SL-AP4-001B <9.69E-04

001-SL-AP4-002A <5.51E-04
O01-SL-AP4-002B <5.46E-04
001-SL-AP4-003A <3.55E-04
001-SL-AP4-003B <3.24E-04
001-SL-AP5-002A <6.49E-04
001-SL-AP5-002B 1.25E-03 65.6 7.50E-03
001-SL-AP5-003A <2.44E-04
001-SL-AP5-003B <2.56E-04
001-SL-AP5-003C <2.43E-04
001-SL-AP5-003D <2.04E-04

p



p TABLE 8
MISCELLANEOUS

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

O01-SL-CCl-002 <2.42E-01
001-SL-CCl-003 <5.83E-04
O01-SL-CC2-003A (VOA) <3.33E-04
001-SL-CC2-003A (METALS)<1.03E-03
O01-SL-CC2-003B (VOA) <3.19E-04
001-SL-CC2-003B (METALS)<1.02E-03
FIELD MOUSE <3.30E-04.



TABLE 9
CEMENT CORES

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-CC-CO1-001 TOP <3.25E-04
OO1-CC-CO1-O01 BOTTOM 5.62E-04 58.20 3.37E-03
001-CC-COl-002 TOP <4.46E-04
001-CC-CO1-002 BOTTOM <4.33E-04

001-CC-C02-001 TOP <3.19E-04
001-CC-C02-001 BOTTOM 2.82E-03 20.40 1.69E-02
001-CC-C02-002 TOP- <2.40E-04
001-CC-C02-002 BOTTOM 9.78E-04 31.70 5.87E-03
001-CC-C2A-001 TOP <4.53E-04
001-CC-C2A-001 BOTTOM <4.89E-04

001-CC-C03-001 TOP 3.48E-02 10.00 2.09E-01
001-CC-C03-001 BOTTOM 3.67E-02 10.00 2.20E-01
001-CC-C03-002 TOP 2.90E-02 10.00 1.74E-01
001-CC-C03-002 BOTTOM 5.13E-04 50.50 3.08E-03

001-CC-C04-001 TOP <2.77E-04
001-CC-C04-001 BOTTOM 8.15E-02 10.00 4.89E-01
001-CC-C04-002 TOP 7.04E-02 10.00 4.22E-01
001-CC-C04-002 BOTTOM <2.04E-04

001-CC-C05-001 TOP <2.35E-04
001-CC-C05-001 BOTTOM 1.23E-03 14.50 7.38E-03
001-CC-C05-002 PIECES* 3.58E-04 96.80 2.15E-03

001-CC-C06-001 TOP <3.41E-04
001-CC-C06-001 BOTTOM <4.33E-04

001-CC-C07-001 TOP 1.32E-03 68.80 7.92E-03
001-CC-C07-001 BOTTOM 3.91E-02 10.00 2.35E-01
001-CC-C07-002 TOP 7.50E-02 10.00 4.50E-01
001-CC-C07-002 BOTTOM 1.34E-03 15.40 8.04E-03

001-CC-C08-001 TOP <2.30E-04
001-CC-C08-001 BOTTOM 4.43E-03 11.60 2.66E-02
001-CC-COS-002 TOP 2.66E-03 21.40 1.60E-02J 001-CC-C08-002 BOTTOM <2.35E-04

001-CC-C09-001 TOP <2.51E-04
001-CC-C09-001 BOTTOM <2.68E-04
001-CC-C09-002 TOP 7.93E-03 11.60 4.76E-02
001-CC-C09-002 BOTTOM <3.46E-04

J"



S TABLE 9 (Cont.)
CEMENT CORES

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-CC-C10-001 TOP 3.00E-02 10.00 1.80E-01
001-CC-C10-001 BOTTOM 5.14E-01 10.00 3.08E+00
001-CC-C10-002 TOP 1.95E+00 10.00 1.17E+01
001-CC-C10-002 BOTTOM 5.02E-03 10.00 3.01E-02

001-CC-Cll-001 TOP 2.23E-01 10.00 1.34E+00
001-CC-Cll-001 BOTTOM 5.24E+00 10.00 3.14E+01
uAI-CC-C1I-002 TOP 1.79E+02 10.00 1.07E+03
001-CC-C11-002 BOTTOM 1.60E+00 10.00 9.60E+00

001-CC-C12-001 TOP 8.83E-03 13.80 5.30E-02
001-CC-C12-001 BOTTOM 5.28E-03 21.40 3.17E-02
001-CC-C12-002 TOP 7.06E-04 38.80 4.24E-03
001-CC-C12-002 BOTTOM 2.51E-03 17.80 1.51E-02

001-CC-C13-001 TOP <4.89E-04
OC1-CC-C13-001 BOTTOM 2.58E-01 10.00 1.55E+0o
001-CC-C13-002 PIECES* 2.67E-03 13.00 1.60E-02
001-CC-C13-003 TOP <2.76E-04
001-CC-C13-003 BOTTOM <2.63E-04

001-CC-C14-001 TOP 2.68E+00 10.00 1.61E+01
001-CC-C14-001 BOTTOM 2.58E-01 10.00 1.55E+00
001-CC-C14-002 TOP 1.21E+01 10.00 7.26E+01
001-CC-C14-002 BOTTOM 9.60E-01 10.00 5.76E+00
001-CC-C14-003 PIECES* 2.75E-03 10.00 1.65E-02

001-CC-C15-001 TOP 2.19E-02 10.00 1.31E-01
001-CC-C15-001 BOTTOM 2.78E+00 10.00 1.67E+01
001-CC-C15-002 TOP 9.04E+01 10.00 5.42E+02
001-CC-C15-002 BOTTOM 1.28E+00 10.00 7.68E+00
001-CC-C15-003 TOP 5.76E-02 10.00 3.46E-01
001-CC-C15-003 BOTTOM 4.45E-03 15.60 2.67E-02

O01-CC-C16-001 TOP 9.25E-04 48.40 5.55E-03
001-CC-C16-001 BOTTOM 7.46E-02 10.00 4.48E-01

001-CC-C17-001 TOP <9.86E-05
001-CC-C17-001 BOTTOM <1.08E-04
001-CC-C17-002 TOP 6.90E-01 10.00 4.14E+00
001-CC-C17-002 BOTTOM 2.56E-03 31.00 1.54E-02
001-CC-C17-003 TOP 4.95E-01 10.00 2.97E+00
001-CC-C17-003 BOTTOM 2.78E-01 10.00 1.67E+00

I



TABLE 9 (Cont.)
CEMENT CORES

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-CC-C18-001 TOP 7.09E-04 57.20 4.25E-03
001-CC-C18-001 BOTTOM <2.41E-04
001-CC-C18-002 TOP 2.54E-03 23.20 1.52E-02
001-CC-C18-002 BOTTOM 3.85E-03 15.40 2.3IE-02
001-CC-C18-003 TOP 2.94E-02 10.00 1.76E-01
001-CC-C18-003 BOTTOM <2.53E-04

001-CC-C19-001 TOP 1.74E-03 22.40 1.04E-02
001-CC-C19-001 BOTTOM 2.90E-01 10.00 1.74E+00
001-CC-C19-002 TOP 2.48E-01 10.00 1.49E+00
001-CC-C19-002 BOTTOM 2.62E-01 10.00 1.57E+00
001-CC-C19-003 TOP 3.71E+00 10.00 2.23E+01
001-CC-C19-003 BOTTOM 1.42E-03 60.80 8.52E-03

001-CC-C20-001 TOP <1.06E-04
001-CC-C20-001 BOTTOM <1.06E-04
001-CC-C20-002 TOP 2.23E-03 12.00 1.34E-02
001-CC-C20-002 BOTTOM 6.21E-02 10.00 3.73E-01
001-CC-C20-003 TOP 3.26E+00 10.00 1.96E+01
001-CC-C20-003 BOTTOM 1.09E+01 10.00 6.53E+01
001-CC-C20-004 TOP 5.60E+00 10.00 3.36E+01
001-CC-C20-004 BOTTOM 2.65E-02 10.00 1.59E-01

001-CC-C21-001 TOP <1.13E-04
001-CC-C21-001 BOTTOM <1.09E-04
001-CC-C21-002 TOP <1.53E-04
001-CC-C21-002 BOTTOM <1.55E-04
001-CC-C21-003 TOP 2.23E-01 10.00 1.34E+00
001-CC-C21-003 BOTTOM 6.50E-02 10.00 3.90E-01
001-CC-C21-004 TOP 6.35E-02 10.00 3.81E-01
001-CC-C21-004 BOTTOM 8.09E-04 43.40 4.85E-03

* THE SAMPLE WAS BROKEN DURING DRILLING, AND THE PIECES WERE COUNTED

i

j



TABLE 10001-SO-***-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

O01-SO-CBI-Oo1 2.15E+00 10.0 1.29E+01
001-SO-PBI-001 2.93E+00 10.0 1.76E+01
001-SO-204-001 <3.14E-04
001-SO-204-002 <7.23E-04
001-SO-204-003 7.76E-04 47.8 4.65E-03
001-SO-204-004 1.46E-03 92.2 8.76E-03
001-SO-204-005 <2.28E-04

.1

p



S TABLE 11
001-SD-***-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITI
(uCi/sample) (%) (uCi/sample)

001-SD-CB1-001 3.63E-02 10.0 2.18E-01
001-SD-CB1-002 3.64E-02 10.0 2.18E-01
001-SD-CB1-003 2.07E-02 10.0 ".24E-01
001-SD-CB1-004 3.35E-03 22.4 2.01E-02
001-SD-CB1-005 2.36E-02 10.0 1.42E-01
001-SD-CBI-006 3.89E-03 39.0 2.33E-02

.1•
J
p
I



* Th&E 12
OO1-SLr-is1-***

SAM~E WIMUE AM-241 AC1'IVIT'L 2-SIGM EFTR PU-239 ACrIVI'IY
(uCi/sanple) M% (uCi/sanple)

OO1-StL-Is1-oo1 <4. 04E-04
OO1-SI,-IS1-002 <2.*92E-04
OO1-SL-IS1-003 2.58E-03 36.8 1.55E-02
0O1-Ste-IS1-004 <3. 41E--04
001-SL-3ISl-005 <4. 13E--04
OO1-SI,-IS1-006 <2.S8E-,04
OO1-SL-I:Sl-007 <4. 04E-04
OO1-SL-IS1-008 -<2. 83E--04
OO1-SLIrs1-009 <4.*46E-04
OO1-SL-Is1-O1O <2. 79E-04
OO1-SLr-IS1-O11 <4. 21E-04
00151r1311012 <3:.05E-04

OO1-SL-IS1-014 <3. 05E-04I OO1-SLi-Is1-015 <4. 13E-04
OO1-Sta-i*LSl-016 <3.74E-04
OO1-SIrIS1-017 <4. 13E-04
OO1-SI,-IS1-O18 <2. 64E-04
001-SLi-ISI.-019 <4. 77E-04
OO1-Slr-IS1-020 <2.74E-04
001-SLi-IS1-021 <4.*46E-04
OO1-SL-IS1-022 <3.0O2E-04
OO1-SLi-IS1-023 <4. 46E--04
OO1-SL-IS1-024 <2.*69E-.04
OQ1-SL-IS1-025 <3.*37E-04
OO1-SL-IS1-026 <2.64E-04
OO1-SLr-IS1-027 <4. 46E-04
OO1-SL-IS1-028 <2.49E-04
OO1-SL-IS1-029 <4. 69E--04
OO1-SI--IS1-030 <2.88E-04
OO1-SL-IS1-031 <4. 84E--04
OO1-SL-IS1-032 <2.88E-04
OO1-SL-IS1-033 <4.*84E-04
001-SL-IS1-034 <2.97E--04
001-SI,-ISI-035 <4. 46E--04
OO1-SL-IS1--036 <2.64E--04
OO1-SLt-IS1-037 <3. 47E-,04

001-SL-ISI-038 <2.59E--04
001-S1-151-039 1.31E-03 68.2 7.86E-03
001-Slt-IS1-040 <2. 83E-04
001-SI,-IS1-041l <4.*69E-04

001-SL-IS1-042 <2.59E-04



S TABLE 12 (Cont.)
00 1-S L-IS 1-** *

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (t) (uCi/sample)

OO1-SL-IS1-043 <3. 67E-04
001-SL-1S1-044 <2. 59E-04
001-SL-IS1-045 <4. 04E-04
001-SL-1S1-046 <2. 39E-04
001-SL-IS1-047 <4. 38E-04
OO1-SL-1S1-048 <2. 49E-04
001-SL-IS1-049 <3. 77E-04

001-SL-IS1-052 <3.795E-04
0O1-SL-IS1-051 <3.195E-04

001-L-IS-052 <2.05E-04
O01-SL-XS1-055 <4.952E-04I 01-SL-IS1-.056 <2.694E-04

0 O1-SL-IS1-055 <3.627E-04
0O1-SL-IS1-058 <2.749E-04
001-SL-IS1-057 <3.747E-04

* 001-SL-IS1-050 <2.459E-04
0 01-SL-IS1-059 <3476E-04
001-SL-IS1-062 <2.59E-041 0 01-SL-IS1-063 <4.62'E-04
001-SL-IS1-064 <3.05E-04
001-SL-IS1-065 <4.771E-04
0O1-SL-IS1-064 <2.978E-04
001-SL-IS1-065 <3. 91E-04I 001-SL-IS1-068 22E0
001-SL-IS1-067 <3.95E-04
001-SL-IS1-060 <2.130E-04
0 01-SL-IS1-071 <.9E0
001-SL-IS1-072 <2.392E-04
001-SL-IS1-073 <4.864E-04I 01-SL-IS1-074 29E0
001-SL-IS1-075 <3.546E-04
001-SL-IS1-076 <2.698E-04I 01-SL-IS1-075 38E0
001-SL-IS1-078 <3.884E-04
001-SL-IS1-079 <4.773E-04JO01-SL-IS1-078 <2.149E-04
001-SL-IS1-081 <4.213E-04
001-SL-IS1-082 <2.69E-04j 001-SL-IS1-083 <4.21E-04
001-SL-IS1-084 <2.059E-04

001-SL-IS1-085 <4.84E-04p 0-LI108 27E0
J 0-LI108 42E0



TABLE 13
001-SL-IS*-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SL-IS2-001 1.OOE-01 10.0 6.OOE-01
001-SL-IS2-002 3.92E-02 10.0 2.35E-01
001-SL-IS2-003 2.79E+00 10.0 1.67E+01
001-SL-IS2-004 3.27E+00 10.0 1.96EE+01
001-SL-IS2-005 5.24E-02 10.0 3.14E-01
001-SL-IS2-006 1.35E-01 10.0 8.10E-01
001-SL-IS2-007 3.02E-01 10.0 1.81E+00
001-SL-IS2-008 1.20E-02 10.0 7.20E-02
001-SL-IS2-009 2.26E-03 55.4 1.36E-02
001-SL-IS2-010 <3.81

001-SL-IS3-001 <6.68E-04
001-SL-IS3-002 1.58E-02 12.2 9.48E-02

S001-SL-IS3-003 <3.81E-04
001-SL-IS3-004 1.42E-01 10.0 8.52E-01
001-SL-IS3-005 1.21E-01 10.0 7.26E-01
001-SL-IS3-006 3.79E-01 10.0 2.27E+00
001-SL-IS3-007 4.35E-02 10.0 2.61E-01
001-SL-IS3-008 7.64E-02 10.0 4.58E-01
001-SL-IS3-009 6.72E-03 10.0 4.03E-02
001-SL-IS3-010 7.55E-03 10.0 4.53E-02
001-SL-IS3-011 3.82E-01 10.0 2.29E+00
001-SL-IS3-012 8.24E-01 10.0 4.94E+00

001-SL-IS4-001 1.93E-02 10.0 1.16E-01
001-SL-IS4-002 3.42E-01 10.0 2.05E+00
001-SL-IS4-003 8.87E-01 10.0 5.32E+00
001-SL-IS4-004 2.76E-01 10.0 1.66E+00
001-SL-IS4-005 6.93E-02 10.0 4.16E-01
001-SL-IS4-006 5.23E-02 10.0 3.14E-01
001-SL-IS4-007 2.54E-03 27.0 1.52E-02
001-SL-IS4-008 1.97E-03 27.2 1.18E-02
001-SL-IS4-009 <3.22E-04
001-SL-IS4-010 <6.80E-04

001-SL-IS5-001 5.09E-03 25.6 3.05E-02
001-SL-IS5-002 8.56E-03 18.0 5.14E-02
001-SL-IS5-003 8.84E-03 19.0 5.30E-02
001-SL-IS5-004 5.09E+00 10.0 3.05E+01
001-SL-IS5-005 1.47E-02 13.2 8.82E-02
001-SL-ISS-006 3.15E-03 24.0 1.89E-02
001-SL-IS5-007 2.15E-03 27.2 1.29E-02
001-SL-IS5-008 <5.82E-04
001-SL-ISS-009 <5.82E-04
001-SL-IS5-010 <5.82E-04

I



001J-SL-IS*-***

SAMPWLE NUMEM AM-241 ACTIVInY 2-SIGQt ERO PU-239 AC~r=VI
(uCi/saiiple) (t) (uCi/saziple)

0O1-SL-IS6-001 5. 22E-03 14.0 3. 13E-02
001-S-Ii-S6-002 1.13E-02 15.0 6.78E-02
001-SL-IS6-003 8.*25E-03 20.8 4. 95E-02
001-SL-1S6-004 2. 65E-03 26.2 1. 59E-02
001-Sri-156-005 9.*13E-03 17.*6 5.*48E-02
O01-SL-I56-006 9.93E-04 57.8 5.96E-03
001-SL-IS6-007 <6. 33E--04
001-SL-1S6-008 <2. 97E-04-
001-SLI,-S6-009 <3. O1E-04
001-SL-1S6-010 <5. 95E-04

001-Sls-1S7-001 2.36E-03 29.2 1.42E-02
001-SL-1S7-002 4.83E-01 10.0 2.90E+00
001-SL-IS7-003 5.80E-03 26.2 3.48E-02
001-SLf-1S7-004 1.20E-02 16.4 7.20E-02
001-SrIi-S7--005 2.*13E-03 60.0 1. 28E-02
001-SL-IS7-006 1.25E-03 73.6 7.50E-03
0O1-SLIi-S7-007 <2. 28E--04

001-~r-I7-00 <6OSE--0400ILI700 30E0

J0-~-S-1 27E0



SX
TABLE 14

001-SL-B**-***

SAMPLE W4KE AM-241 ACrIVI'I 2-SIGMA MUM FU-239 ACTIVITY
(uCi/sanple) (%) (uCi/sample)

001-SL-BO1-001l 7.36E-03 24.8 4.42E-02
001-SL-BOI-002 <2 .28E-04
001-SL-BOl-003 <4. 81E-04

001-SLr-B02-001 4.64E-03 30.4 2.78E-02
001-SL-B02-002 <2.39E-04
001-SL-B02-003 <5.82E-04

001-SL-B03-001 9.41E-01 10.0 5.65E+00 .1
001-SL-B03-002 <2.64E-04
001-SL-B03-003 <1. 75E-04

001-SL-B04-001 1.lIE+00 10.0 6.66E+00 •,
001-SL-B04-002 <5.82E-04
001-SL-B04-003 <5.122E-04

001-SL-B05-001 1.75E-01 10.0 1.05E+00
001-SL-B05-002 <5.55E-04
001-SL-B05-003 <2.28E-04

001-SL-B06-001 1. lE-01 10.0 6. 66E-01
001-SL-B06-002 <2.59E-04
001-SL-B06-003 <2. 79E-04

001-SL-B07-001 1.80E+01 10.0 1.08E+02
001-SL-B07-002 <5.55E-04
001-SL-B07-003 <2.97E-04

001-SIP-B08-001 3. 42E-01 10.0 2. 05E+O0
001-SL-B08-002 <2.33E-04
001-SL-B08-003 <6.20E-04

001-SL-B09-O01 5.29E+00 10.0 3.17E+01 .
001-SL-B09-002 <5.55E-04
001-SL-BO9-003 <4.47E-04

001-SL-BIO-001 4.70E-03 16.4 2.82E-02
o01-SL,-Bo-o02 <8.22E-05
001-SL-BIO-003 <2.79E-04

I • -= l i i m m i i I



.ABE 14 (QOat.)
001-SL-B**-***

SAMPLE N4UMBER AM-241 ACflVITY 2-SIGMA, ERO PU-239 ACTIVIT
(uCi/saixple) (t) (uCi/sample)

00i-SL.-Bll-O01 <3. 26E-,04
001-SL-Bll-001 <5. 95E-04
001-SL-BII-003 <2. 44E-.04

0O1-Slr-B12O001 <2.*92E-04
OO1-SL-B12-002 <2.*39E-04
0O1-SL-B12-003 <5.*69E-04

001-SI,-B13-001 5.=2-03 29.8 3.07E-02
001-SL-E13-002 <2. 49E--04
-001-SLv-B13-003 <2.49E-N

001-SI~i-B14-001 6.46E-01 10.0 3.88E+00
001-Sli-B14-002 -d. 14E-05
001-SL-B14 -003 <2.79E-04

001-SL-B15-001 1.97E-01 10.0 1.18E+00/
O01-SL-B15-002 <5.*95E-.04
001-SL-B15-003 <2.92E-0D4

OO1-SLrBl6&OO1 <5. 41E-04
001-SL-B16-002 <5.55E-.04
001-S~i-B16-003 <5.69E--04

001-SLrB17-0O1 <6. 91E-04
001-SL-B17-002 <2. 69E-04

001-SL-B17-003 <5. 69E-04

001-S~r-B18OO1 <5.82E-04
0O1-SL-B18-002 <3.*14E-04
001-SL-B18-003 <2.59E-04

OO1-St-3B19-0O1 <4.*96E-04
001-SL-B19-002 <5.26E-04

001-Sr-E19--003 <5.12E-.04

001-SL-B20-O01 <4. 47E--04
001-SI-B20-O02 <4. 81E-.04

O01-SL-B20-003 <2.97E-04



TABLE 14 (Cont.)
001 -SL-B**- * * *

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
"fliCi/sample) M% (uCi/sample)

OO1-SL-B21-001 <4. 30E-04
O01-SL-B21-002 <4. 64E-04
001-SL-B21-003 <6. 20E-04

001-SL-B22-001 <2. 74E-04
0O1-SL-B22-002 <2. 39E-04
001-SL-B22-003 <2. 28E-04

O01-SL-B23-001 <5.95E-04
001-SL-B23-002 <4. 64E-04
001-SL-B23-003 <5. 55E-04

001-SL-B24-O01 <2.92E-04
001-SL-B24-002 <2. 49E-04

001-SL-B24-003 <3.0O1E-04

O01-SL-B25-001 1.86E-03 26.8 1.12E-02
O01-SL-B25--002 <1. 66E-04
001-SL-B25-003 <2. 69E-04

0O1-SL-B26-0O1 <2. 83E-04
0O1-SL-B26-002 <2. 34E-04
001-SL-B26-003 <2. 44E-04



S TABLE 15
001-SL-C**-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SL-Co1-oo1 <3.10E-04
001-SL-CO1-002 <4.38E-04
001-SL-CO1-003 <3.05E-04

001-SL-C02-001 <2.92E-04
001-SL-C02-002 <2.69E-04
001-SL-C02-003 <4.13E-04

001-SL-C03-001 <2.97E-04
001-SL-C03-002 <4.62E-04
001-SL-C03-003 <2.22E-04

001-SL-C04-001 <3.22E-04
001-SL-C04-002 <3.58E-04
001-SL-C04-003 <3.26E-04

001-SL-C05-001 <3.10E-04
001-SL-C05-002 <4.46E-04
001-SL-C05-003 <2.04E-04

001-SL-C06-001 <2.64E-04
001-SL-C06-002 <5.55E-04
001-SL-C06-003 <6.33E-04

001-SL-C07-001 <2.79E-04
001-SL-C07-002 <6.57E-04
001-SL-C07-003 <2.83E-04

001-SL-COS-001 <1.26E-03
001-SL-C08-002 <3.10E-04
001-SL-CO-003 <3.22E-04

001-SL-C1o-0o1 2.94E-02 10.0 1.76E-01
001-SL-C10-002 <2.54E-04
001-SL-CIO-003 <3.47E-04

001-SL-Cll-O01 1.65E-03 52.4 9.90E-03
001-SL-Cll-002 <3.01E-04
001-SL-Cl1-003 <3.86E-04

001-SL-C12-001 <2.88E-04
001-SL-C12-002 <4.04E-04
001-SL-C12-003 <2.54E-04

p



TABLE 15
001-SL-C**-***

SAMPLE NUMBER AM-241 ACTIVITY 2-SIGMA ERROR PU-239 ACTIVITY
(uCi/sample) (%) (uCi/sample)

001-SL-C13-001 <3.10E-04
001-SL-C13-002 <4.04E-04
001-SL-C13-003 <3.95E-04

001-SL-C14-001 1.91E-02 11.0 1.15E-01
001-SL-C14-002 <2.44E-04
001-SL-C14-003 <3.95E-04

001-SL-C15-001 2.72E-03 37.6 1.63E-02
001-SL-C15-002 <3.01E-04
001-SL-C15-003 <4.62E-04

001-SL-C16-002 3.33E-03 33.6 2.OOE-02

001-SL-C16-003 <2.64E-04

001-SL-C17-001 <4.13E-04
001-SL-C17-002 <3.05E-04
001-SL-C17-003 <3.67E-04

001-SL-C18-001 <3.86E-04
001-SL-C18-002 <2.92E-04
001-SL-C18-003 <4.54E-04

001-SL-C19-001 3.16E-03 35.0 1.90E-02
001-SL-C19-002 <3.41E-04
001-SL-C19-003 <2.74E-04

001-SL-C20-001 4.04E-02 10.0 2.42E-01
001-SL-C20-002 1.43E-02 11.0 8.58E-02
001-SL-C20-003 1.21E-03 34.8 -7.26E-03

001-SL-C21-002 <4.54E-04
001-SL-C21-002A* <6.36E-04
001-SL-C21-002B* 3.50E-03 16.4 2.10E-02
001-SL-C21-002C* 1.42E-03 24.2 8.52E-03
001-SL-C21-003 <3.18E-04
001-SL-C21-003A* 1.23E-03 69.2 7.38E-03

STHESE FRACTIONS WERE TAKEN BY EARTH TECH FOR ANALYSIS
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U.S. Department of Labor Occupational Safety and Health Administration
201 Varick Street
New York. New York 10014

Reply to the Attention of:

fAY 3  1989

ERANDM FOR: Weil E. Botts, Project Ma ger
Geologist for Battellet

T7-U: JAIhes W. Stanley
Regional Administrator

FROM: Phyllis Kyner, Acting
Assistant Regional Administrator
for Technical Support

SUBJECT: Draft Health and Safety Plan
Bomare Missile Site

Technical Support reviewed the referenced draft Health and Safety Plan as
requested. The following recommendations and comments are provided witn the
provison that OSHA's policy is to accept drafts for evaluation but does not
have the authority to approve drafts.

OSHA has jurisdication over natural occurring isotopes, and N.R.C. (Nuclear
Regulatory Commission) has jurisdiction over man-made materials. The New
Jersey Radiation officer, at Trenton should be contacted for further
assistance.

Page 10 3.1 - Plutonium, PU239 and Americium, AM241 of known
concentration of b.g. to 7120 nCi/im (i.e. Background
to or greater than 120 nanocurier/gm.) are extremely
intense sources of alpha particles. This concentration
can also be expressed as 120,000 pCi/gm(120,000 pica
Curier/gm) so that it can be compared or conLrastec
with normal radon concentration p 4pCi/liter.

Page 10 3.2. - Plutonium and Americium are examples of transuranium
elements, that is, they are man-made isotopes anc
not natural occurring radioactive elements.

Page 11 3.2.1 - No Comment

Page 11 '.2.2 - No Comment

Page 13 3.2.3 - The last sentence in top paragraph should hlr-_,Tf,

inserted before average. J

Page 13 3.2.3 No Comment ! uJI 0 !
I U .' - '

BATTELLE

fl:r' O~r•I'!"



Page 14 3.2.5 - No Comment. except that portable survey instrumentation
should De specific such as, Eberline ESP-2, portable
survey instrument with probes for alpha, ana ESP-1 aipna
prooe for radon daughters. rather tnan state chiefly
scintillation or air proportional prober in general.

A- Plan lacks specifics for monitoring equipment as required by 1910.!20
(iU (2) (i) f).
B- Plan should include mechanisim(s) to ensure that deficiencies are
corrected as required by 1910.120 (i)(2)(iii).

2. SPECIFICS:

A- Page 15 paragraph 3.2.5 - wound monitor type (sensitivity, etc) shoulc
be specified pursuant to 1910.120(i)(2Ni)(f.).
S- Paragrapn 4.4.4 - personnel monitoring is requireo under OSHA standard
area monitoring only is not acceptable.
C- Paragraph U.4.5 - procedures for oxygen (02) monitoring as well as for
radiation monitoring other taole 4-1 instruments, shoulc be aescribec.
Ins.ruments capaoie of monitorinq dose rates from Pu (aiphas, X-rays, anc
neutrons ) snould be specified. Procedures and calibration techniques
should be included for HiJ and OVA.
D- Paragraph 4.5.2 - radiation monitor this paragraph appears to say tt
dosimetry will not be worn for more than 1 year. if cosimetry is
necessary, it must be worn for the duration of the job. Bioassay'.ficai
or lune countingi will be necessary to detect intake, then tni• snoulc
be inciucec and described in tne plan.
E- Paragraph 4.E. - cold stress monitoring given accuracy of thermometers
and individual temperature variaoility, tnis criteria may oe difficu"t to

meet.
F- Faragrapm ".7 - personal protection final pian snaii specify eacn Joo
function for each task.
G- Paragraph 4.7.3 - surface contamination measurement proceaure should be
aescribea pursuant to 1910.120(i)(2)Ui)(f).
H- Paragraph 4.7.4 - coes statement 1 (wNarning properties) exciude radioac-
tive materials? Note: 30 CFR 11 prohibition on contaminants witnout
uerning properties may apply for protection against organic vapors.
I- Paragraph 4.7.4 - air purifying respirators may be used in situations
requiring a PF 750, provided the 40 hour average results in an integratec
exposure within the stancara.
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J- Paragraph 6.10 - Page (84) Rn ionizing radiation requirement in 1910.96
is 1.25 rem per quarter, (not 5 rem/year).

1 .25 rem per quarter or 5 rme/year.
i.e. 1.25 x 4 quarter = 5 rem/year

K- Paragraph 3.4.3 - confined space entry. Step by step confined space
entry procedure should be addressed (specific) in the site safety and
health plan, which should include how the permit system is going to be
implemented and enforced.

if you nave any questions in this review, contact Nat Sanchez at FTS
660-2351.

Sincerely,

James W. Stanley
Regional Administrator

cc: I-arry D. Allendorf0 fMarlton Area Office



For Review and Approval No. G8851-2200 (844)
Internal Distribution

_m_ Name Initials Date D Collins
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Concurrence N Botts W Nelson
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Files

Approved

March 6, 1989

U.S. Environmental Protection Agency
Region 2
Federal Facility Coordinator
Hargrove/Hadden
Room 702
26 Federal Plaza
New York, New York 10278

Enclosed you will find one (1) copy of the Health and Safety Plan for the
BOMARC Missile Site, McGuire AFB, New Jersey. This plan was submitted on
February 23, 1989 to Joseph Nycz-at the U. S. Occupational Safety and Health
Administration in Marlton, New Jersey and to the USAF Occupational and
Environmental Health Laboratory, Brooks AFB, Texas.

Sincerely,

Neil E. Botts

Project Manager

NEB:DC/dlMc

Enclosure
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Dear Mr. Malazinsky:

Enclosed you will find one (1) copy of the Health and Safety Plan for the
SBOMARC Missile Site, McGuire AFB, New Jersey. This plan was submitted on

February 23, 1989 to Joseph Nycz at the U. S. Occupational Safety and Health
Administration in Marlton, New Jersey and to the USAF Occupational and
Environmental Health Laboratory, Brooks AFB, Texas.

Sincerely,

Neil E. Botts

Project Manager

NEB:DC/dlMc
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Ms. Julia K. Hilburn
Chief, Contracts Acquisition Branch
Occupational and Environmental

Health Laboratory
Brooks Air Force Base, Texas 78235-5501

Attention Major John M. Clegg, Jr., Technical Program Manager

Dear Ms. Hilburn:

DELIVERABLE: SEQUENCE 4, WORK-PLAN AND QUALITY ASSURANCE PROJECT PLAN,
CONTRACT NO. F33615-85-D-4507
TASK NO. 22, BOMARC MISSILE SITE, McGUIRE AFB, NEW JERSEY

Enclosed are three (3) copies of the final Work Plan, Quality Assurance
Project Plan, and the Interim In-Situ Sampling Plan for the Stage 2
investigations at the BOMARC Missile Accident Site, McGuire AFB, New Jersey.
In addition, four copies of each plan have been sent to the Region 2
Environmental Protection Agency and to the New Jersey Department of
Environmental Protection at the request of Major Clegg.

Sincerely,
ORIGINAL SIGNED BY
ROBERT K. KENNEDY

Robert K. Kennedy

Program Manager

RKK:NEB/dlMc
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I. INTRODUCTION

A. During 14-18 September 1987, personnel from the Radiation
Services Division of the USAF Occupational and Environmental Health
Laboratory (USAFOEHL/RZ) conducted the annual radiological survey of
the Fort Dix BOMARC Site, New Jersey. Periodic environmental
monitoring on and around the BOMARC site has been ongoing prior to 1976
as part of the Air Force's program to maintain the deactivated site and
to monitor the residual plutonium (Pu-239) left as a result of the
BOMARC missile fire in 1960.

B. The periodic environmental monitoring plan for this installation
was implemented in 1975 at the request of the USAF Surgeon General
under the operations plan entitled "WATCH-DOG PLLJTO".(1) Since then,
radiological site surveys have been completed in 1976, 1978, 1979, and
1981-87. This report contains the results of the 1987 site survey,
observations, sample analyses, interpretations, ane recommendations for
future surveillance.

II. BACKGROUND

A. On 7 June 1960, an explosion and fire erupted in BOMARC missile
launch shelter 204 of the now deactivated 46th Air Defense Missile
Squadron, located on the Fort Dix Military Reservation in Jackson
Township, New Jersey. The missile and its nuclear warhead were
consumed in the intense fire. As part of the firefighting activities,
copious amounts of water were used to control the fire and to prevent
it from spreading to one of the other 84 missile shelters in the
complex. As a result, a yet unknown portion of the warhead's fissile
material (Pu-239) was flushed from inside the shelter and either
contaminated the soil and asphalt in front of shelter 204, or was
washed down the asphalt ramp into a drainage ditch (Figure 1).

B. The drainage ditch runs southerly from shelter 204, paralleling
the site boundary fence for -everal hundred feet before entering an
underground culvert, and cr. sing underneath County Bighway 539. From
this point the culvert opens into a sandy ditch that eventually
flattens into a heavily wooded area across the highway.

C. On 10 June 1960 the interior of missile launch shelter 204 was
spray painted in an attempt to fix the Pu-239 contamination. Also, the
asphalt apron in front of launch shelter 204 to the drainage ditch was
coated with a thick layer of paint. In addition to the paint, four
inches of concrete were poured over the asphalt apron covering the
entire width of the apron from shelter 206 to the drainage ditch in an
effort to "fix" the plutonium contamination under a protective
overburden. As a result of the 1966 radiological survey conducted by
the USAFOEHL's predecessor, the USAF Radiological Health Laboratory
(USAFRHL), an additional 2-inch layer of concrete was poured over a 55
x 43 toot area of the apron in front of launch shelter 204 and extended
15 feet into the shelter. Also, a 2-in layer of asphalt was laid in
the drainage ditch over a 12 x 550 foot area extending from a line
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directly south of the launch shelter to the facility boundary fence
(Figure 2). Early ridiological surveys in 1970-1973, conducted by the
USAFRHL, have shown most of the plutonium to be under the concrete pad
in fron: of the launch shelter or in the uncovered grassy areas
adjacent to launch shelters 202-208. These areas have been the sites
of highest contamination, ranging from 10-120 microcuries per square
meter (10-120 uCi/m 2 ). Vertical Pu-239 soil profiles in the near
bordering edges of the concrete, conducted in 1973, indicated that
the plutonium contamination was contained within the top 6-8 inches of
soil.(1) In addition to the above areas, lessor amounts are detectable
along the entire length of the asphalt drainage ditch inside the
boundary fence (< 0.5 uCi/m 2).

D. Both "off-site" and "on-site" terms will be used throughout this
report. "Off-site" refers to all locations outside the boundary fence,
while "on-site" refers to all locations inside the boundary fence of
the BOMARC site. Most of the off-site contamination sampling points,
on both sides of highway 539, have been well below the U.S.
Environmental Protection Agency's (USEPA) proposed "screening level"
for limiting the public's exposure to transuranics of 0.2 uCi/m'.(2)
At the few off-site locations that have in the past been found to
exceed the proposed "screening level", there has not emerged an
apparent trend of either decreasing or increasing plutonium soil
contamination. A 10-year summary of the Pu-239 levels measured on and
off the BOMARC site and trend analysis, as well as an interpretation of
the results were published in a previous USAFOEHL Report.(3)

III. SURVEY METHODS AND PROCEDURES

A. Instrument Monitoring

1. Gamma Survey: Selected off-site locations were surveyed
using both FIDLER (Field Instrument for the Detection of Low Energy
Radiation) and PG-2 (Plutonium Gamma) scintillation detectors (Appendix
A and B respectively). The FIDLER detector consists of a Bicron
Corporation 5-inch-diameter x 0.063-inch-thick NaI(Tl) crystal, with
0.010-inch-thick beryllium window. The PG-2 detector is an Eberline
Corporation scintillation probe and consists of 2-inch-diameter x
0.079-inch-thick NaI(Tl) crystal with 0.001 inch-thick aluminum window.
A Ludlum Measurements Incorporated, Model 2220 survey meter was used to
record the external radiation count rate at the grid survey locations.
The gross count rate data were collected at high voltage settings
(windows) optimized from Americium-241 (Am-241) for the 17 and 60 keV
photons. The calibration method developed by Mr Steven G. Homann was
used for both the FIDLER and PG-2 probes.(4) The gross count rate data
were corrected for background radiation and used to assist the survey
team in locating soil sampling sites. The soils were packaged and sent
to USAFOEHL/RZA for sample preparation and a definitive counting
analysis to determine plutonium soil concentrations.

. Alpha Survey: Selected areas of the damaged missile launch
shelter 204 were surveyed using a hand-held alpha detector (Figure 3).
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The probe used for the survey was an Eberline Model AC-3-7 alpha
scintillation detector and included the following specifications:
active area 59 cm2 ; window thickness 0.5 mg/cm'; aluminized film
ZnS(Ag), scintillation crystal. A Ludlum Model 18 survey meter was
used to record the count rate. The radioactive standard used to
calibrate the alpha instrument was an Eberline model S94-4 Pu-239
source. Instrument efficiencies were calculated at 30 percent for
contact monitoring of the smooth dry surfaces of the missile launch
shelter 204.

B. Swipe Survey: Swipe samp'es were collected from missile launch
shelters and underground communications and electrical bunkers to
determine levels of removable contamination from the various surface
areas (rigure 4). A single swipe was collected by taking a 4.25-cm
diameter Whatman number I filter paper and wiping about a 100-cm area.
Gross alpha activity was measured on each swipe with a windowless
gas-flow proportional counter. The plutonium was determined by
dissolving the swipe in nitric acid, white ashing the residue,
dissolving it in hydrochloric acid, and passing it through an ion
exchange column. A HCl-HI solution was used to elute the plutonium,
which was then converted to the sulfate salt and electrodeposited onto
a 10-mm stainless steel planchet for counting. A solid-state alpha
spectrometer having a surface-barrier detector was used to measure the
Pu-239 alpha activity present.

C. Soil Samples: Representative soil samples were collected from
off-site and on-site areas. Some samples were collected by taking
eight core samples (3 inch diameter by 8 inches deep) in a four point
"cross" pattern ata distance of 15 and 30 feet from the center of each
sampling site (Figure 5). A single site collection from this method
resulted in approximately 6 Kg of soil before drying. Single core
samples were collected at points on both sides of the concrete apron
and along the asphalt drainage ditch leading off-site (Figure 6). A
single core sample from this method resulted in approximately 1.8 Kg of
soil before drying. Soil samples were collected from under and around
the manaole covers leading to the underground communications and
electrical bunkers located directly in front of the launch shelters
(Figure 7). Also, sludge samples from the floor of the bunkers were
collected to determine the presence of plutonium contamination. Upon
arrival at the Laboratory, each soil sample was processed for counting.
All soil samples were first analyzed for gamma-emitting radionuclides
using high-resolution (GeLi) gamma spectroscopy. The counting
configuration used consisted of sealing the sample in an aluminum can
(8-cm diameter x 3-cm deep) centered inside a 600-ml Marinelli Beaker.
Selected soil samples were radiochemical processed for plutonium
isotopes and analyzed by high-resolution alpha spectrometry. The
radiochemical procedures called for the complete dissolution of the
10 grams in a combination of strong acids (hydrochloric, sulfuric,
hydrofluoric, and perchloric), extraction of the plutonium using a
resin column, and electroplating the residual on a stainless steel
planchet. Transfer efficiencies for the method were determined to be
better than 40%.
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D. Water Samples: The 1987 annual survey included the collection
of nonpotable water samples from the on-site underground communications
and electrical bunkers. Water samples were collected in 1-gallon
collapsible plastic containers and stored without preservation until
analyzed. Gross alpha concentrations were measured by evaporating a
200-ml volume of acidified water on a 2-inch stainless steel planchet
and counting the residue in a windowless gas-flow proportional counter.
Plutonium concentration was determined by coprecipitation with alkaline
phosphate in a one liter sample. Plutonium was extracted using an ion
exchange resin column, electrodeposited onto a 10-mm stainless steel
planchet and counted using an alpha spectrometer having a solid-state
surface-barrier detector.(5,6,7)

E. Soil sampling, FIDLER surveys, and water sampling at the BOMARC
site have been extensive over the past 12 years. This year's
monitoring efforts were expanded to include: (1) alpha surveys and
swipe surveys of launch shelter 204; (2) swipe surveys of downwind
launch shelters; and (3) surveys to determine the extent of
contamination to underground bunkers located in front of launch
shelters 202-210. With the focus of this year's survey on the above
three tasks, the number of soil samples and FIDLER readings were
reduced from previous years. Also, neither ground nor surface water
monitoring from the 1985 or 1986 survey locations were repeated.

IV. RESULTS AND OBSERVATIONS

A. Instrument Monitoring

1. The FIDLER field survey measurements for Pu-239 at selected
sites are given in Appendix A. The grid measurement identifiers, i.e.,
column letter and row number for a particular measurement site are also
shown. The FIDLER survey was used to locate any gross Am-241 that
would indicate plutonium contamination. Some data points were slightly
above the ambient background radiation but did not demonstrate Pu-239
concentrations above the calculated minimal detectable area activity
(MDAA) of 0.8-1.5 uCi/m ý The proper interpretation of the "less
than MDAA" value is that there is a 95Z probability that the true areal
density is less than the stated MDAA. A comparison of the 1987 FIDLER
data for the same locations with that of previous years indicates no
substantial differences over what has been measured before.(3)

2. The PG-2 field survey measurements for Pu-239 contamination
contours within the concertina wire area and along the asphalt ditch
leading off-site are given in Appendix B. These survey data were used
to identify increased Pu-239 soil activity for sampling sites and to
better define the total area of contamination surrounding the concrete
apron and asphalt drainage ditch (Figure 6).

3. Portable hand-held alpha meters were used to survey the
walls, rear doors, and overhead metal roof structures of launch shelter
204. These surveys revealed .ow level alpha surface con-azrnation
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(Appendix C). Survey points 1, 2, and 3 from the south wall shoved the
highest alpha levels ranging from 4,200 to 37,520 dpm/lO0 cm2

(Figure 3). The north wall and metal roof structures demonstrated
values ranging from 420 to 560 dpm/100 cm2 . These values exceed the
acceptable surface contamination levels for fixed contamination for
both average levels (100 dpmi.)0 cm2 ) and maximum contamination levels
(300 dpm/100 cm2 ).(8) Several of the alpha survey points were also
swipe tested to determine removable contamination levels.

B. Swipe Surveys

1. Missile Launch Shelter 204: The results of the gross alpha
contamination levels are shown in Table 1. Swipe locations I and 10
showed the highest removable alpha activity ranging from 336.6 dpm/
100 cm2 (153 pCi/100 cm2 ) and 72.6 dpm/l00 cm2 (33 pCi/100 cm)
respectively (Figure 8). Both of these values exceed the removable
activity of 20 dpm/100 cm,.(8) The remainder of the eight swipes were
all negative for contamination. Alpha particl spectroscopy results
from swipe number 10 demonstrated the presence of removable Pu-239,
thus confirming the gross alpha results for this sample.

2. Other Missile Launch Shelters: The gross alpha swipe
analyses of the other missile launch shelters are summarized in
Table 2. The location of these launch shelters to damaged shelter 204
is shown in Figure 4. None of the swipe samples showed any measurable
or removable contamination.

3. Underground Communications and Electrical Bunkers: A
summary of the swipe results are shown in Table 3. All of the swipes
were negative for any removable contamination.

C. Soil Samples

1. Eighty-six soil samples were collected and first analyzed
by high resolution gamma spectroscopy to determine the radioactive
concentrations of Am-241, uranium (U-238 and U-235), and cesium
(Cs-137). Sixteen of the 86 samples were then analyzed by alpha
particle spectroscopy to directly measure the Pu-239 soil
concentration. Thirteen of these samples in which Pu-239 and Am-241
were measurable, yielded an average Pu-239/Am-241 ratio of 5.9. This
ratio was used to estimate the Pu-239 concentration in soil samples in
which no alpha particle spectroscopy was performed. A Pu-239/Am-241
ratio of 5.8 was calculated by the New Jersey Department of
Environmental Protection to estimate the Pu-239 concentrations in which
An-241 vas detectable but the Pu-239 was less than the MDAA.(9)

2. On-Site and Off-Site Soil Concentration Levels

a. The radioanalytical results for both on-site and
off-site soil samples are summarized in Table 4. The on-site sample
points that had elevated Pu-239 concentrations included several near
the damaged launch shelter as well as sites next to the asphalt
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drainage ditch (sites 167, 172, 173, and 177)(Figure 5). These sites
have shown elevated levels in past surveys and represent contamination
carried by the runoff water from firefighting activities during the
accident. One sample point (site 179) shoved a slightly elevated
Pu-239 value. This site has not shown elevated values in past surveys
(1976-1986). The reason for this result is unclear; however, with the
absence of elevated Pu-239 in adjacent locations it is unlikely that
the contamination is due to the missile accident and most likely
represents a laboratory artifact.

b. The off-site sample points (54, 116, and 213) that had
elevated Pu-239 values were all downwind from the missile accident site
(Figure 5). Sample point 54, located about 25 meters north of sample
point 116, would have been in the general area of the firefighting
water runoff. Both sample points (sites 116 and 213), have shown
elevated Pu-239 concentrations in past years. These results, despite
some variability, are consistent with past years findings and show no
new trends in Pu-239 concentrations.

3. Soil Levels Near Concrete Apron and Asphalt Ditch Area

a. Results of the single core soil samples surrounding the
concrete apron and along the asphalt drainage ditch are shown in Table
9. The range of plutonium soil concentrations varied from a low of
0.27 to 3,221 pCi/g. The wide range of values suggests that a
nonuniform deposition of plutonium exists.

b. Soil sample locations (sites 1-30) bordering both sides
of the concrete apron and the relationship to the eight launch shelters
(201-210) are shown in Figure 6. Soil sampling points surrounding
launch shelter 204 shoved the highest cluster of plutonium
concentrations. One sample point (site 6), located about 20 feet from
the northwest corner of launch shelter 204 had the highest plutonium
concentration in this sampling group. These results were not
surprising since elevated levels were present in previous surveys. The
12 sampling points surrounding launch shelter 204 spanned a wide range
of plutonium concentrations values (1.9 to 2,478 pCi/g). This wide
range of variability in plutonium soil concentrations will make site
characterization more difficult than previously thought..

c. Nineteen single core soil samples were collected along
both sides of the asphalt drainage ditch area (Figure 6). Plutonium
soil concentration values (0.24 to 3,221 pCi/g), despite their
variability, are consistent with previous years survey results. These
sites vere dovnvind from the smoke plume and firefighting water runoff
floved in this direction which would explain the measured plutonium
soil concentrations.

4. Soil Scrapings from the Bunker Manhole Covers

a. Radiological data for the bunker sampling points are
shown in Table 6. The locations of the bunker manhole covers in
relation to the surrounding launch shelters are shown in Figure 4.
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b. Significant plutonium soil contamination was found
between the manhole cover and the metal rim support structure from all
the bunkers. The bunkers in front of launch shelters 206, 208, and 210
were upwind from the plume at the time of the accident. We believe
that this area may have been used as the upwind decontamination point
for personnel, property, and vehicles. The loose contamination from
the decontamination procedures could quite easily have been lodged in
the space between the manhole cover and the metal rim support
structure. The bunkers in front of launch shelter 204 were covered
over with concrete in 1960, shortly after the accident, and for this
reason we were unable to survey it. Both bunkers in front of launch
shelter 202 were found to have plutonium contamination on the upper
metal rim, lower metal rim, and the inner lid covering. Plutonium
contamination would be expected since the bunkers were in direct line
of the firefighting water runoff.

5. Soil Samples from Underground Bunkers

Soil sample results collected from the floor of the
underground bunkers are listed in Table 7. All the soil samples showed
the presence of plutonium contamination, bunkers 1A and 5A
respectively. Again, this is probably due to the water runoff from
decontamination and firefighting efforts.

6. Water Sampling

Results of the plutonium measurements in the nonpotable
water samples taken from the underground bunkers are shown in Table 12.
The samples were collected from 18-24 inches of standing water from
each of the bunkers. The water color was a light brown in appearance
and contained some suspended solids.

V. CONCLUSIONS AND RECOMMENDATIONS

A. Instrument monitoring with the FIDLER detector shoved similar
results for the same locations with that of previous surveys. The
FIDLER surveys should continue as part of the survey, but should be
limited to within the concertina wire area where the sensitivity of the
FIDLER is adequate. The sensitivity of the FIDLER instrument is
optimal when the plutonium is freshly deposited on the surface.
Previous soil surveys have shown that the plutonium is predominantly at
6-8 inches below the soil surface which limits the area sensitivity of
the FIDLER instrument to approximately 0.8-1.5 uCi/m 2 . Both FIDLER
and PG-2 instrument surveys supported the soil sample results in the
higher contaminated tract within the concertina wire area.

B. Portable alpha monitoring of missile launch shelter 204
demonstrated fixed alpha contamination in excess of acceptable levels.
Also, swipe survey results of the same'launch shelter showed removable
contamination in excess of the acceptable removable surface
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contamination of 20 dpm/100 cm2 . We recommend painting missile launch
shelter 204 with a protective strippable skin coating to prevent
spreading of contamination. The strippable paint will not only contain
radioactive contamination, but when "peeled-r.ff" will remove
contamination adhering to it. Two vendors manufacture and market
strippable paint for this purpose and are referenced for your
information.(10,11)

C. Results of the off-site soil samples are not substantially
different from previous years surveys. Despite the annual variations
that typify some sampling locations, there is no evidence to suggest
that large scale plutonium migration is occurring. Three areas (sites
54, 110, and 213) located off-site suggest that additional soil
sampling needs to be done as part of the remedial investigation/
feasibility study (RI/FS) process to fully characterize the plutonium
soil concentration. This task will require a program to do both
surface and vertical soil sampling.

D. Plutonium soil concentrations vary considerably in and around
missile launch shelter 204. The plutonium contamination is not
distributed uniformly over this area, but occurs in discrete "hot
spots", which most likely represents a single particle of Pu-239.
Thus, Pu-239 soil concentrations within a small area can and do vary
somewhat. Generally, however, the Pu-239 concentrations indicate that
the levels of Pu-239 have remained stable over the intervening years.
The wide range of plutonium soil concentration values will present
challenges in performing site characterization of the BOKARC

* installation during the RI/FS process.

E. The plutonium soil contamination located between the manhole
cover and the metal support rim was removed for analyses. While most,
if not all, of the contaminated soil was removed from this location, a
resurvey of this same area is recommended. Also, the contaninated soil
collected from the floors of the underground bunkers indicated that the
entire floor is probably contaminated. The bunkers should be
considered for decontaminaticn as part of a remedial action plan.

F. The nonpotable water samples collected from the seven
underground bunker sites shoved slight traces of plutonium. Particles
were suspended in the water samples, possibly minute plutonium
particles, which could easily account for the small tracer
concentrations of plutonium in the water. The soil from the floor of
the bunker shoved a plutonium concentration of 1,180 pCi/dry g. The
water sample from the same bunker had a Pu-239 concentration of
0.83 pCi/liter which supports the idea that the chemical form of the
plutonium is primarily insoluble.

G. The quarterly visual inspections of the BOMARC installation
should be continued by the McGuire AFB Radiation Protection and
Environmental Coordinator. This inspection would be valuable to
ascertain the condition of the site and to identify any potential loss
of site integrity in the concertina fence area or site boundaries.
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Survey Readings 2  Survey Readings 2

Location (dp./100 c) Location (dpm/100 cm2)

1 6,300 11 420

2 4,200 12 560

3 37,520 13 420

S4 840 14 560

5 420 15 420

6 560 16 560

7 420 17* 420

8 560 18* 420

9 420 19* 420

10 420 20* 420

*Measurements taken from the metal roof support structures.

Figure 3: Alpha Survey of Launch Shelter 204.
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Swipe Gross Alpha Svipe Gross Alph•

Location (pCi/100 cm 2 ) Location (pCi/100 cmI)

1 153. +/- 8 6 <

2 <1 7 2o ÷/-

3 <1 8 <(

4 <1 9 <1

5 < 1 10 33. +/- 4

11* Pu-239 3.2 +I- 0.6

---------------------------------------------------------------------
*Swipes 8-10 are from the metal roof support structure. Swipe
number 10 was from the roller assembly on the north wall.
Alpha spectroscopy was used to analyze swipe number 10..

Figure 8: Swipe Survey of Launch Shelter 204.
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TABLE 1: Launch Shelter 204 Svipe Data

Svipe* USAFOEHL Gross Alpha Gross Beta
Identification Number pBi/10 c( 2 pCi/100 ca 2 .*

No. 1 48704383 153. +/- 8 < 3

No. 2 48704382 < 1 < 2

No. 3 48704381 < 1 < 2

No. 4 48704380 < 1 < 2

No. 5 48704379 < 1 < 2

No. 6 48704378 < 1 < 2

No. 7 48704405 2. +/- 1 < 2

No. 8 48704406 < 1 < 2

No. 9 48704407 < 1 < 2

No. 10 48704408 33. +/- 4 < 2

No. 11*** 18701211 Pu-239 3.2 +/- 0.6
Pu-238 < 0.1

*Reference Figure 3 for swipe locations.
**Results accurate to 2 significant figures. Error term at
95% confidence level.
***Alpha spectroscopy results from swipe number 10 in pCi/swipe.
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TABLE 2: Gross Alpha Svipe Results From Surrounding Launch Shelters

Site* USAFOEOL Gross Alpha Gross Beta

Identification Numberi~0 
2  pi/1•O kq 2 **

Shelter 210 48704391 < 1 < 2

"I" Beam

Shelter 210 48704392 < 1 < 2

Roof, Rear

Shelter 210 48704393 < 1 2 +/- 1

Roof, Middle

Shelter 210 48704394 < 1 < 2

Roof, Front

Shelter 208 48704388 < 1 < 1

Roof, Rear

Shelter 208 48704389 < i < 2

Roof, Middle

Shelter 208 48704390 < 1 < 2

Roof, Front

Shelter 206 48704384 < 1 < 2

"I" Beam

Shelter 206 48704385 < 1 < 2

Roof, Rear

Shelter 206 48704386 < 1 < 2

Roof, Middle

Shelter 206 48704387 < 1 < 2

Roof, Front

Shelter 202 48704409 < 1 < 2

Roof, Front

Shelter 202 48704410 < 1 < 2

Roof, Middle

Shelter 202 46704403 < I < 2
"I" Beam

Shelter 202 48704404 < 1 < 2

Roof, Rea:
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Site* USAFOEHL Gross Alpha Gross Beta
Identification Number pCi/1l0 cm2  q/l0O ca 2 **

Shelter 203 48704395 < 1 < 2
Roof, Middle

Shelter 203 48704396 < 1 < 2
Roof, Front

Shelter 203 48704397 < 1 < 2
Roof, Rear

Shelter 203 48704398 < 1 < 2
"I" Beam

Shelter 201 48704399 6 +/- 2 < 2
"I" Beam

Shelter 201 48704400 < 1 < 2
Roof, Front

Shelter 201 48704401 < 1 < 2
Roof, Middle

Shelter 201 48704402 < 1 < 2
Roof, Rear

Shelter 104 48704426 < 1 < 2
Roof, Rear

Shelter 104 48704427 < 1 < 2
Roof, Middle

Shelter 104 48704428 < 1 < 2
Roof, Front

Shelter 102 48704423 < 1 < 2
Roof, Front

Shelter 102 48704424 < 1 < 2
Roof, Middle

Shelter 102 48704425 < 1 < 2
Roof, Rear

--- ---------------------------------------------------------------
*Reference Figure 4 for launch shelter locations.
**Results accurate to 2 significant figures. Error term at 95%

* confidence level.
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TABLE 3: Gross Alpha Svipe Results From Underground Communications and
Electrical Bunkers

Svipe* USAPOEHL Gross Alpha Gross Beta Gross Gauma

Identification Number ?Ci/l00 cm2  pjCi/1O0 2 pmCi/100 cm **

Shelter 210 48704414 < 1 < 2 < 50

Bunker 1A North Wall

Shelter 210 48704412 < 1 < 2 < 50

Bunker 1A South Wall

Shelter 210 48704413 < 1 < 2 < 50

Bunker IA East Wall

Shelter 210 48704411 < 1 < 2 < 50

Bunker 1A Vest Vall

Shelter 20S 48704422 < 1 < 2 < 50

Bunker 2A North Vall

Shelter 208 48704421 < 1 < 2 < 50
* Bunker 2A South Wall

Shelter 208 48704420 < 1 < 2 < 50
Bunker 2A East Wall

Shelter 208 48704419 < 1 < 2 < 50
Bunker 2A Vest Wall

Shelter 206 48704415 < 1 < 2 < 50

Bunker 3A North Vail

Shelter 206 48704417 < 1 < 2 < 50

Bunker 3A South Vall

Shelter 206 48704418 < 1 < 2 < 50

Bunker 3A East Wall

Shelter 206 48704416 < 1 < 2 < 50
Bunker 3A Vest Wall

------------ --------------------------------------------------------------
*Reference Figure 4 for bunker locations.
**Results accurate to 2 significant figures. Error at 95% confidence level.
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TABLE 4: On-Site and Off-Site Radionuclide Soil Concentration Data

Site* USAFOEHL Sample VT. Radio- Concentration Surface Area
Number Number Dry Gram Nuclide (pCi/dry gram)** (vCil%2 )***

51 18701246 1960.8 Pu-239 - 0.24 0.1
Am-241 < 0.04
U-238 < 0.5
U-235 < 0.06
Cs-137 0.17 +/- 0.02

52 18701247 1779.3 Pu-239 0.18 0.07
Am-241 < 0.03
U-238 < 0.3
U-235 < 0.04
Cs-137 0.23 +/- 0.1

53 18701235 2532.6 Pu-239 " 0.24 0.13
Am-241 < 0.04
U-238 < 0.4
U-235 < 0.07
Cs-137 0.14 +/- 0.02

54 18701237 2656.2 Pu-239 - 0.94 0.5
Am-241 0.16 +/- 0.07
U-238 < 0.6
U-235 < 0.07
Cs-137 0.13 +/- 0.01

107 18701283 3767.1 Pu-239 " 0.23 0.05
Am-241 < 0.039
U-238 < 0.35
U-235 < 0.051
Cs-137 < 0.015

109 18701284 5328.0 Pu-239 " 0.24 0.07
Am-241 < 0.042
U-238 < 0.34
U-235 < 0.054
Cs-137 < 0.015

110 18701285 3923.7 PL-239 - 0.29 0.06
AM-241 < 0.049
U-238 0.39 +/- 0.36
U-235 < 0.06
Cs-137 < 0.02
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area
Number Number Drg Gram Nuclide (pCi/dry gram)** ()Ci/m 2 )***

112 18701287 7618.6 Pu-239 _ 0.40 0.08
Am-241 < 0.068
U-238 < 0.55
U-235 0.069 +/- 0.065
Cs-137 0.32 +/- 0.02

116 18701288 8560.0 Pu-239 - 0.54 0.13
Am-241 < 0.092
U-238 < 0.74
U-235 < 0.068
Cs-137 0.26 +/- 0.02

120 18701265 9239.2 Pu-239 - 0.30 0.08
Am-241 < 0.05
U-238 < 0.35
U-235 < 0.06
Cs-137 0.29 +/- 0.02

144 18701271 9066.2 Pu-239 " 0.30 0.07
Am-241 < 0.05
1U-238 < 0.43
U-235 < 0.1
Cs-137 0.21 ÷/- 0.02

153 18701272 10061.9 Pu-239 " 0.24 0.07
Am-241 < 0.04
U-238 < 0.36
U-235 < 0.06
Cs-137 0.11 +/- 0.01

164 18701279 8920.5 Pu-239 - 0.30 0.07
Am-241 < 0.05
U-238 < 0.37
U-235 < 0.07
Cs-137 < 0.02

165 18701280 8333.0 Pu-239 0.35 0.08
Am-241 < 0.06
U-238 < 0.46
U-235 < 0.07
Cs-137 < 0.03

166 18701289 8385.9 Pu-239 0.24 0.12
Am-241 < 0.04
U-238 < 0.4
U-235 < 0.06
Cs-137 0.12 +/- 0.01
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area

Number Number Dry Gram Nuclide (pCi/dry gram)** (UCi/m 2 )***

167 18701290 9037.6 Pu-239 - 0.38 0.09

Az-241 0.65 + 0.094
U-238 < 07'81

U-235 < 0.059
Cs-137 1.8 + 0.016

168 18701264 9394.1 Pu-239 - 0.12 0.03

Am-241 < 0.02
U-238 < 0.25
U-235 < 0.05
Cs-137 0.21 +/- 0.02

169 18701263 8550.1 Pu-239 - 0.24 0.05
Am-241 < 0.04
U-238 < 0.34
U-235 < 0.07
Cs-137 0.24 +/- 0.02

170 18701273 8323.4 Pu-239 - 0.47 0.01
Am-241 < 0.08
U-238 < 0.62
U-235 < 0.06
Cs-137 0.26 +/- 0.02

172 18701261 6503.8 Pu-239 30.68 5.4

Am-241 5.2 +I- 0.16
U-238 < 1.6
U-235 < 0.084
Cs-137 0.29 ./- 0.02

173 18701262 7950.7 Pu-239 - 1.9 0.4
Am-241 0.32 +/- 0.08
U-238 < 0.67
U-235 < 0.064
Cs-137 0.16 +1- 0.02

174 18701281 7461.2 Pu-239 0.24 0.05
Am-241 0.04 +/- 0.03
U-238 < 0.6
U-235 < 0.06
Cs-137 0.029 +/- 0.02

175 18701282 6641.2 Pu-239 . 0.2 0.04
Am-241 < 0.034
U-238 < 0.27
U-235 < 0.033
Cs-137 < 0.022
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Site* USAFOEHL Sample WT. Radio- Concentration Surface Area

Number Number Dry Gram Nuclide (pCi/dry gram)** (lpCi/m 2)***

176 18701306 8403.4 Pu-239 - 0.47 0.1
Am-241 < 0.08
U-238 < 0.58
U-235 < 0.05
Cs-137 0.23 +/- 0.02

177 18701307 8544.6 Pu-239 0.65 0.15
Am-241 0.11 +/ 0.06
U-238 < o.3
U-235 < 0.06
Cs-137 < 0.02

178 18701260 9378.3 Pu-239 - 0.24 0.06
Am-241 < 0.04
U-238 < 0.36
U-235 < 0.06
Cs-137 0.21 +/- 0.016

1/9 18701274 8979.7 Pu-239 _ 0.71 0.17
Am-241 < 0.12
U-.238 0.97 +/- 0.97
U-235 < 0.12
Cs-137 0.66 +/- 0.04

181 18701259 3472.3 Pu-239 " 0.35 0.07
Am-241 < 0.06
U-238 < 0.71
U-235 < 0.12
Cs-137 0.26 +/- 0.02

182 18701299 6279.5 Pu-239 . 0.30 0.05
Az-241 < 0.05
U-238 < 0.4
U-235 < 0.064
Cs-137 0.29 ÷/- 0.02

183 18701300 6048.2 Pu-239 - 0.24 0.04
Am-241 < 0.04
U-238 0.36 4/- 0.3
U-235 < 0.06
Cs-137 0.29 +/- 0.02

184 18701266 9260.0 Pu-239 . 0.41 0.1
Am-241 < 0.07
U-238 0.63 +/- 0.59
U-235 < 0.07
Cs-137 0.21 +/- 0.02
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area
Number Number DrU Gram Nuclide (pCi/dry gram)** (UCil_2)***

213 18701286 3628.2 Pu-239 - 0.3 0.06
Am-241 0.53 +/- 0.07
U-238 < 0.66
U-235 < 0.06
Cs-137 0.23 +/- 0.02

*Reference Figure 5 for soil sample locations.
**All Pu-239 values are calculated based on the Pu-239/Am-241 ratio of 5.9.
All other radionuclide concentrations vere measured using high-resolution
gamma spectroscopy.
***Surface area calculated using assumptions from USAFOEHL Report 86-034
R121ERD.
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TABLE 5: Radionuclide Soil Concentrations for Concrete Apron and

Asphalt Ditch Area

Site* USAFOEHL Sample VT. Radio- Concentration Surface Area

Number Number Dry Gram Nuclide (pCi/dry gram)** (vCilm2 )***

18701239 2152.1 Pu-23 9  0.68 +/- 0.08 0.31

A.-241 <0.06
U-238 <0.5
U-235 <0.06
Cs-13 7  0.18 +/- 0.01

2 18701241 2021.5 Pu-23 9  - 1.23 0.54
Am-241 0.21 +/- 0.07
U-238 <0.6
U-235 <0.03
Cs-137 0.13 4/- 0.01

3 18701238 1786.6 Pu-239 439. .1- 36. 17.3

Am-241 7.5 +1- 0.2
U-238 <1.8
U-235 0.21 +1- 0.07
Cs-137 0.31 ./- 0.02

4 18701240 1888.2 Pu-239 11. +/- 1.4 4.5

Am-241 1.7 +/- 0.1
U-238 <1.
U-235 <0.1
Cs-137 0.3 */- 0.02

5 18701295 310.3 Pu-239 - 3.89 0.26

Am-241 0.66 +/- 0.046
U-238 <0.97
U-235 <0.5
Cs-137 0.52 +/- 0.12

6 18701296 1932. Pu-239  2,478. 1,033

Am-2 4 1 420. 4/- 1.2
U-238 <12.
U-235 0.12 +/- 0.091

Cs-137 0.079 +/- 0.013

7 1870297 1882.5 Pu-239 7.8 +/- 0.71 3.3

Am-241 <0.12
U-238 <0.43
U-235 0.08 +/- 0.06
Cs-137 <0.43

2
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area

Number Number Dry Gram Nuclide (pCi/dry gram)** (pCi/0 2 )***

8 18701298 1970.4 Pu-239 18../- 1.6 7.5

A.,-241 6.5 +/- 0.13
U-238 <1.4
U-235 <0.06
Cs-137 0.19 +/- 0.13

9 18701253 1845.0 Pu-239 - 23.6 9.3
Am-241 - 4. +/- 0.2
U-238 0.94 4/- 0.63
U-235 <0.07
Cs-137 0.15 +/- 0.016

10 18701256 1911.9 Pu-239 595.6 248
Am-241 101. +/-0.85
U-238 <0.75
U-235 0.12 +/- 0.083
Cs-137 0.14 ÷/-0.017

11 18701256 2017.0 Pu-239 - 23.5 10.3

Am-241 3.9 +/- 0.2
U-238 <0.64
U-235 <0.066
Cs-137 0.11 +/- 0.013

12 18701257 2413.7 Pu-239 46. 24.2
Am-241 7.8 +/- 0.25
U-238 <0.38
U-235 <0.07
Cs-137 0.22 +/- 0.018

13 18701301 2031.8 Pu-239 34. +/- 3.1 14.9
Am-241 4.5 +/- 0.1

U-238 <1.2
U-235 <0.08
Cs-137 0.21 +/- 0.02

14 18701302, 2716.3 Pu-239 95. 4/- 7.8 56.3
Am-241 41. +/- 0.35
U-238 <3.6
U-235 0.16 ./- 0.09
Cs-137 0.03 +/- 0.01

15 18701303 1599.0 Pu-239 191. +/- 20. 67.0

Am-241 23. +/- 0.24
U-238 <2.7

U-235 0.14 4/ 0.1

Cs-137 0.12 +/- 0.01
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area
Number Number Dry Gram Nuclide (pCi/dry gram)** (PCi/m)***

16 18701304 2498.8 Pu-239 1.9 */- 0.18 1.04
Am-241 0.17 +/- 0.057
U-238 <0.54
U-235 <0.079
Cs-137 0.036 ÷/- 0.009

17 18701252 2256.1 Pu-239 " 218.
Am-241 37. +/- 0.4 110
U-238 <3.9
U-235 <0.07
Cs-137 0.15 +/- 0.02

18 18701267 2106.5 Pu-239 2.8 +/- 0.98 1.3
Am-241 0.37 +1- 0.13
U-238 1.1 +/- 1.
U-235 <0.13
Cs-137 0.24 +1- 0.02

19 18701268 1944.3 Pu-239 - 0.47 0.19
Am-241 0.08 +/- 0.08
U-238 <0.61
U-235 <0.07
Cs-137 0.3 +/- 0.02

20 18701269 1271.0 Pu-239 - 0.70 0.18
Am-241 0.12 +/- 0.06
U-238 <0.52
U-235 <0.06
Cs-137 0.7 +/- 0.03

21 18701270 1113.0 Pu-239 7.2 +1- 0.96 1.73
Am-241 3.9 ./- 0.17
U-238 <1.6
U-235 <0.14
Cs-137 0.54 +1- 0.03

22 18701249 2035.6 Pu-239 1.4 0.6
Am-241 0.23 ÷/- 0.06
U-238 <0.5
U-235 <0.05
Cs-137 0.14 ÷/- 0.01

23 18701251 2296.0 Pu-239 - 53.7 27.1
Am-241 9.1 +1- 0.2
U-238 <2.
U-235 <0.07
Cs-137 0.23 +/- 0.0:
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*
Site* USAFOEHL Sample VT. Radio- Concentration Surface Area

Number Number Dry Gram Nuclide (pCi/dry gram)** (wCi/I?)***

25 18701250 1864.6 Pu-239 - 153. 60.4
Am-241 26. +/- 0.3
U-238 <3.2
U-235 <0.06
Cs-137 0.35 4/- 0.02

26 18701231 2167.0 Pu-239 34.8 16.7
Am-241 5.9 +I- 0.2
U-238 <1.6
U-235 <0.04
Cs-137 0.25 +/- 0.02

27 18701233 1718.0 Pu-239 - 88.5 33
Am-241 15. +/- 0.3
U-238 <2.6
U-235 <0.1
Cs-137 0.36 +/- 0.02

28 18701230 2057.2 Pu-239 0.27 4/- 0.038 0.12
Am-241 0.09 +/- 0.06
U-238 <0.5
1U-235 <0.05
Cs-137 0.15 4/- 0.01

29 18701232 2534.4 Pu-239 4.5 +/- 0.53 2.5
Am-241 1.8 +/- 0.1
U-238 <1.
U-235 <0.07
Cs-137 0.19 4/- 0.02

30 18701275 1900.0 Pu-239 0.49 o/- 0..37 0.20
Am-241 <0.08
U-238 <0.59
U-235 <0.09
Cs-137 <0.03

31 18701276 1158.0 Pu-239 0.94 0.24
Am-241 <0.16
U-238 <0.5
U-235 <0.09
Cs-137 <0.04

32 18701277 2335.8 Pu-239 - 3221. 1625
Am-241 546. ÷/- 1.3
U-238 <14.
U-235 1.2 +/- 0.11
Cs-137 0.19 /- 0.02
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Site* USAFOEHL Sample VT. Radio- Concentration Surface Area

Number Number DrU Gram Nuclide (pCi/dry gram)** (OWCi/ 2 )***

33 18701278 1234.3 Pu-239 - 212. 55.8

Am-241 36. +/- 0.38
U-238 <3.9
U-235 0.21 +/- 0.12
Cs-137 0.34 .1- 0.023

34 18701305 2131.7 Pu-239 - 106. 48.8

Am-241 18. +/- 0.2
U-238 <2.3
U-235 0.16 .1- 0.1
Cs-137 0.13 +/- 0.014

35 18701243 2474.4 Pu-239 - 0.53 0.29

Am-241 0.09 4/- 0.07
U-238 0.7 +/- 0.6
U-235 <0.07
Cs-137 0.15 +/- 0.02

36 18701227 2117.0 Pu-239 - 3.48 1.6

Am-241 0.59 +/- 0.09
U-238 <0.77
[U-235 <0.07
Cs-137 0.43 +/- 0.02

37 18701229 2004.2 Pu-239 " 0.53 0.23
Am-241 <0.09
U-238 <0.8
U-235 <0.09
Cs-137 0.19 +/- 0.02

38 18701228 2219.5 Pu-239 - 0.29 0.14
Am-241 <0.05
U-238 <0.6
U-235 <0.1
Cs-137 0.21 4/- 0.02

39 18701291 2180.5 Pu-239 - 4.2 2.0
Am-241 0.71 +/- 0.07
U-238 0.68 ÷/- 0.52
U-235 <0.07
Cs-137 0.3 4/- 0.02

40 18701292 1847.7 Pu-239 0.49 ÷/- 0.09 0.20
Am-241 <0.083

U-238 0.65 + C- 0.59

U-235 <0.073
Cs-137 0.19 +/- 0.02
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Site* USAFOEHL Sample VT. Radio- Concentration Surface trea

Number Number Dry Gram Nuclide (pCi/dry gram)** (UCi/m )*t*

41 18701293 1612.3 Pu-239 3.1 1.1
Am-241 - 0.52 +/- 0.09
U-238 <0.53
U-235 <0.14
Cs-137 0.35 ./- 0.02

42 18701294 1977.8 Pu-239 12.98 5.7
Am-241 2.2 +/ 0.1
U-238 <0.53
U-235 <0.065
Cs-137 0.22 +/- 0.02

43 18701234 1945.0 Pu-239 " 17.7 7.4
Am-241 3. +/- 0.2
U-238 <1.5
U-235 <0.1
Cs-137 0.28 +/- 0.02

44 18701245 1456.2 Pu-239 - 7.1 2.3
Am-241 1.2 +/- 0.1
U-238 <1.
U-235 <0.08
Cs-137 0.31 +1- 0.02

45 18701248 2119.8 Pu-239 0.43 ÷/- 0.052 0.2
Am-241 <0.06
U-238 <0.5
U-235 <0.06
Cs-137 0.09 +/- 0.01

46 18701242 2125.0 Pu-239 - 0.29 0.13
Am-241 <0.05
U-238 <0.4
U-235 <0.07
Cs-137 0.32 /- 0.02

47 18701236 1482.0 Pu-239 - 1.8 0.59
Am-241 0.3 +/- 0.1
U-238 <0.8
U-235 <0.08
Cs-137 0.18 +/- 0.02

48 18701244 2092.9 Pu-239 " 0.24 0.11
Am-241 <0.04
U-238 <0.4
U-235 0.09 ./- 0.08
Cs-137 0.17 ./- 0.02
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Site* USAFOEBL Sample VT. Radio- Concentration Surface Area
Number Number Dry Gram Nuclide (pCi/dry gram)** (PCi/ 2 )***

49 18701255 2153.9 Pu-239 - 0.41 0.2
Am-241 <0.07
U-238 <0.6
U-235 <0.07
Cs-137 0.15 +I- 0.02

50 18701258 1773.5 Pu-239 - 5.84 2.3
Am-241 0.99 +1- 0.17
U-238 <0.78
U-235 <0.072
Cs-137 0.21 +/- 0.019

*Reference Figure 6 for site map locations.
**Pu-239 results preceded vith the approximation sign (:) are calculated
based on the Pu-239/Am-241 ratio of 5.9. Pu-239 values vithout the
approximation sign vere measured by alpha spectroscopy and are in
concentrations of picocuries (pCi) per gram ashed. All other
radionuclide concentrations are in pCi per dry gram and vere measured
by high-resolution gamma spectroscopy.
***Surface area calculated using assumptions from USAFOEHL Report 86-034

R121ERD.
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TABLE 6: Radionuclide Soil Concentration Data from Manhole Covers

Site* USAFOEHL Sample VT. Radio- Concnetration
Number Number Dry Gran Nuclides pCi/g**

Shelter 210 18701324 49.3 Pu-239 " 6,324.
Bunker 1A Am-241 1,072. +/- 0.004

U-23b < 43
U-235 < 0.22
Cs-137 0.62 ÷/- 0.07

Shelter 208 18701322 42.4 Pu-239 " 7.1
Bunker 2A Am-241 1.2 +/- 0.2

U-238 < 1.9
U-235 < 0.07
Cs-137 0.30 ./- 0.05

Shelter 206 18701323 208.6 Pu-239 " 926.
Bunker 3A Am-241 157. +/- 0.8

U-238 < 7.9
U-235 0.14 4/- 0.3
Cs-137 0.69 4/- 0.03

Shelter 202 18701321 25.2 Pu-239 " 273.
Bunker 5A, Upper Rim Am-241 46.3 4/- 1.1

U-238 < 12.
U-235 < 0.2
Cs-137 1.2 +/- 0.1

Shelter 202 18701320 35.5 Pu-239 - 63.
Bunker 5A, Lover Rim Am-241 10.6 +/- 0.5

U-238 < 5.3
U-235 < 0.3
Cs-137 0.61 /- 0.08

Shelter 202 18701319 13.1 Pu-239 " 2,271.
Bunker 5A, Lover Rim Am-241 384.9 /- 4.5

U-238 < 48
U-235 2.5 ÷/- 1.0
Cs-137 0.7 +/- 0.2

Shelter 202 18701"38 9.2 Pu-239 " 2,024.
Bunker 5A, Inner Lid Am-241 343. 4/- 5.

U-238 < 53
U-235 1.0 +/- 1.0
Cs-137 < 0.1

*Reference Figure 4 for bunker locations.
**Results for Pu-239 are calculated based on the Pu-239/Am-241 ratio of 5.9.
All other radionuclide concentrations are measured values ur.ng high
resolution gamma spectroscopy.
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TABLE 7: Radionuclide Soil Concentrations From the Floor of
Underground Bunkers

Site* USAFOEHL Sample VT. Radio- Concentration
Number Number Grams D Nuclide pCi/dry g

1A 18701314 597.0 Pu-239 - 65.
Am-241 11. +/- 0.53
U-238 < 5.5
U-235 < 0.21
Cs-137 1.4 +/- 0.1

2A 18701316 748.4 Pu-239 " 212.
Am-241 36. +1- 1.1
U-238 < 11.
U-235 < 0.33
Cs-137 2.8 +1-0.15

3A 18701312 592.4 Pu-239 -1,050.
Am-241 178. +/- 2.5
U-238 < 26
U-235 < 0.05
Cs-137 2.2 +/- 0.17

5A 18701317 623.0 Pu-239 _1,180.
Am-241 200. +/- 2.5
U-238 < 26
U-235 < 0.46
Cs-137 1.4 +/- 0.13

5A-2 18701315 1552.6 Pu-239 " 77.
Am-241 13. +/- 0.25
U-238 < 2.5
U-235 < 0.1
Cs-137 0.27 +/- 0.02

5A-SB 18701313 170.3 Pu-239 " 2.53.
Am-241 0.43 +/- 0.07
U-238 < 0.7
U-235 < 0.05
Cs-137 0.03 +/- 0.01

*Reference Figure 4 for bunker locations.
**Results for Pu-239 are calculated based on the Pu-239/Am-241 ratio of 5.9.
All other radionuclide concentrations are measured values using high
resolution gamma spectroscopy.
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TABLE 8: Pu-239 Concentration in Nonpotable Vater Samples from
Underground Bunkers

Site* USAFOEHL Site Concentration (pCi/liter)**
Number Number Description Pu-239

1A 18701325 Underground Bunker 0.071 +/- 0.027
in Front of Shelter
No. 210

1B 18701326 Underground Bunker < 0.017
iii Front of Shelter
No. 210

2A 18701327 Underground Bunker 0.028 +/- 0.022
in Front of Shelter
No. 208

2B 18701328 Underground Bunker 0.025 +1- 0.02
in Front of Shelter
No. 208

3A 18701329 Underground Bunker 0.74 +/- 0.11
in Front of Shelter
No. 206

3B 18701330 Underground Bunker < 0.018
in Front of Shelter
No. 206

5A 18701331 Underground Bunker 0.83 +/- 0.12
in Front of Shelter
No. 202

--------------- --------------------------------------
*Refernece Figure 4 for bunker locations.
**Results accurate to 2 significant figures. Error term at 95%
confidence level.
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APPENDIX A

ALPHA SURVEY DATA
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1987 FIDLER Grid Survey Data

COL ROV DATE GROSS BACKGROUND CALIBRATION Pu-239 LEVEL
Cp14 CPH FACTOR CPK-iiCi/2 2  jjCi/. 2

C 10 15 SEP 87 500 500 3,500 < 14DAA*
C 14. 15 SEP 87 500 500 3,500 < 14DM
C 18 15 SEP 87 500 500 3,500 < 14DM
C 22 15 SEP 87 500 500 3,500 < 14DM
C 25 15 SEP 87 750 500 3,500 < 14DM
C 30 15 SEP 87 750 500 3,500 < 14DM
C 34 15 SEP 87 600 500 3,500 < 14DM

DXXXVT 30xxxxr 15SE 7 ,0050 350 T1D
D 34 15 SEP 87 9,00 500 3,500 < 14DM

D 34 15 SEP 87 1,00 500 3,500 < 14DM
E 35 15 SEP 87 1,000 500 3,500 < 14DMxxxxxxxxxxxxxxxxxly
E 36 15 SEP 87 7,500 500 3,500 < 14DM
E 37 15 SEP 87 7500 500 3,500 < 14DM

E 34 15 SEP 87 1,500 500 3,500 < 14DM
E 37 15 SEP 87 750 500 3,500 <14DMA

H 34 15 SEP 87 750 500 3,500 < 14DMxxxxxxxvXX13nnryxx3
G 37 15 SEP 87 1,000 500 3,500 < 14DM

G 37 15 SEP 87 800 500 3,500 < 14DM

J 34 15 SEP 87 800 500 3,500 < 14DMxxxxxxxxxxxvxxxxx
J 35 15 SEP 87 1,50 500 3,500 < 14DM
J 36 15 SEP 87 1,100 500 3,500 < 14DM

1 37 15 SEP 87 900 500 3,500 < 14DM

L 37. 15 SEP 87 1,20 500 3,500 < 14DM

L 34 15 SEP 87 1,25 500 3,500 < 14DM
L 36 15 SEP 87 7,50 500 3,500 < 14DM
L 37 15 SEP 87 1,000 500 3,500 < 14DM

14 34 15 SEP 87. 1,00 500 3,500 < 14DM

L4 35 15 SEP 87 1,250 500 3,500 < 14DM
L4 36 15 SEP 87 7020 500 3,500 (14DMA
L4 37 15 SEP 87 850 500 3,500 < 14DM

N 137 15 SEP 87 6,00 500 3,500 < 14DM

N 17 15 SEP 87 500 500 3,500 < 14DM

N 9 15 SEP 87 500 500 3,500 <14DMA
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COL ROV DATE GROSS BA~CKROUND CALIBRATION Pu-239 LEVEL
CPH CPM FACTOR CP34-vCi/.2  tuCi/m 2

N 21 15 SEP 87 450 500 3,500 < 34DAA
N 25 15 SEP 87 550 500 3,500 < 34DAA
N 29 15 SEP 87 500 500 3,500 < I4DAA
N 33 15 SEP 87 600 500 3,500 < KDAA
N 34 15 SEP 87 500 500 3,500 < 34DAA
N 35 15 SEP 87 575 500 3,500 < 34DAA
N 36 15 SEP 87 525 500 3,500 < 14DM
N 37 15 SEP 87 500 500 3,500 < 34DM

0 35 15 SEP 87 600 500 3,500 < 14DMxtxxxxKX
0 37 15 SEP 87 500 500 3,500 < 14DM

0 35 15 SEP 87 600 500 3,500 < 14DM
Q 37 15 SEP 87 500 500 3,500 < xxxxxxxxxxxxxxxxxxxx34D

0 35 15 SEP 87 600 500 3,500 < 14DM
S 37 15 SEP 87 700 500 3,500 < 14DM

U' 35 15 SEP 87XXXX 700 500 3,500 < 34DM
U 37 15 SEP 87 600 500 3,500 <34DMA

S 35 15 SEP 87 500 500 3,500 < 34DM
Vxyxyxyxxxxxxxxxr 37 15 SEP 87 600500 3,500 C 34D

Y 35 15 SEP 87 550 500 3,500 < 34DM
Y 37 15 SEP 87 600 500 3,500 < 34DM

M 35 15 SEP 87 725 500 3,500 < 34DM
M 37 15 SEP 87 600 500 3,500 < 34DM

Cv 35 15 SEP 87 700 500 3,500 < 34DM
CCxxxx 37xxxx 15 SEP 87 600 500 3,500 < HDAA3

EE 35 15 SEP 87 600 500 3,500 < 34DM
EE 37 15 SEP 87 600 500 3,500 < 34DM

*14DM for Pu-239 was determined to be 0.8 - 1.5 xxxxxxxvjC/mxx.

AA 3 15SEP 7 75 50 3,00 <M39

AA~~~(pg 40 is bl 7 60 0 ,50<Mank
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PG-2 READINGS*

----------------------------- - -------------
IDATE -- 16s. 7**NOTES** -Use red ink, pencil, or type.

-Rows are numbers.
IPLACE- iOmARr _-jtaFt Dix NJ -Columns are letters.

I -Do the whole left column first,
PEPE-I rkci_~stD~er nhn then finish the right.

ICOLIROWIKIT* #HVI IHV2 I HV3 1*1 COL ROWI KITI #HVl ~HV2 ~HV3

IC I.25 301 1000 L15002 _____ S 37 31Io~ o

I C 1 33 1301LiQQL4Q .1000_ 1 190 1 121 U 161 1 3nt..120.o I J50na.I___
SxxxxxX I xxuxx Ixxxxx~xx I xx Ixxxxxxxx I .xxxx I * Ixxxxxx kxnxxz I xxxxxxxx I.x~x~xxz I xxxzxIxxixxxxx. I
I D 1 7 131 _ZD 170Q_ V I2 .... 39...I301..I.2lD.. D 1__ 100 10

I xxxxxx I x~xxxx. 1xxxxxzxxxx, I ix~xx Ixuxzxyx ixxuxx I *I xxx nx~xxxx Ixxxxxzx.I.xxxnzux 1XXXXXXIiXzXX. I
I E 1I20Q1 31 1i.inn I _____ I I.XI35I 13021ino1.a~I 50a..___

I E 29 1 301 1 1700 1 3000 1II*xxx IXXZXL XlX I XXXXXYXL IXXYYXIXX IXIYXIXI xzxx

1 x~xzz 1xzxx~ x~zxjXXxjz xzx xxxxxxjXd ixxxxx 1*1 -y 3: I 3n- I jnnn I 15nI_

9EE i I__1 1 7 Q II r 1 *1 inZX kiziz 37 zzz 3nzzz I xzznxn 1 xz5()n
I ?n I? I -i2QQQ.I3.12Q.I _____1 II32IL.. LJQDY .I.15Q0. IY _____1YY

1 25 1..a301 1.L..... L2Qa... I..1Q310 11... ______ I IXXZZXI.XXXXII xxxx .. XI xxxxxx Ixxxxxx. I
G 9 13I 1 I. Q I . 2 100Q 1. 3100 1_____ 1*1 DD____ I 6 50____ 1 1______ no I___ I ______ I_____

I ______ Ix x _____x I __ __ _ II _ __I _ __

I H 37 1____ 301 1000 1900 1 - I _____ I _______ I _____ I _____ I_____

I K I 10 30~21..I.jQ Q..J5 ... 1000_ 1* ___ ___ ____00I___ I___
I K 14 -1__ 301 __ _ I~ __ _ 1_ _ _ _I _ _ I_ _ _I _ _

x* 18___ 30 1___ I00 1_____ I ___ I____ __

K 3___ _301 I_ _ I _ _ I_ _ __ _ _

_____x ftxxxxxxx xxx1*1 ____I___I____ __ __ __

I~~ _____xx ft x x x ________ I _____ I _____x I I_ _

[~zz~~uu&xxxxx~xu~zzxz.xx~x.x kLL=XXXZ* ____xx__ x____ I____I___ __

I* P_ _ _ 1 ___4_ 1 301__ __ II)- 1_ _ __I__00_ _ __

I P_ __ 35 1_ _ 7I __ __ _ not __ __ _ __ _ _

37__ 1 301__ 1 1_ __ _ IC~ I_ __ I __ __I _

:..=xxx lu m xx~xxxxxxx I xxzxzxxx fxxx lxI xxxzxxI * i ____ I ____I _ ____I ____I ____I __
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ALPHA INSTRUMENT READINGS

Survey Instrument Instrument Corrected
Location Reading* X Correction Reading

CPM/60 cm2 Factor DPM/100 cm2

1 1,125 5.6 6,300

2 750 5.6 4,200

3 6,750 5.6 37,520

4 150 5.6 840

5 75 5.6 420

6 100 5.6 560

7 75 5.6 420

8 100 5.6 560

9 75 5.6 420

10 75 5.6 420

11 75 5.6 420

12 100 5.6 560

13 75 5.6 420

14 100 5.6 560

15 75 5.6 420

16 100 5.6 560

17 75 5.6 420

18 75 5.6 420

19 75 5.6 420

20 75 5.6 420

--------------- ---------------------------------------

*Represents net cpu after subtracting background of about 25 CPM.
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I.

Distribution List

Copies

HO USAF/SGPA
Boiling AFB DC 20332-6188 1

HO AFOMS/SGPR
Brooks AFB TX 78235-5000 1

SAF/MII/MIO
Washington DC 2330-5000 1 ea

HO USAF/LEE
Boiling AFB DC 20332-5000 1

HO AFSC/SGPB
Andrews AFB MD 20334-5000 1

HO MAC/SGPB
Scott AFB IL 62225-5001 1

USAF Clinic McGuire/SG/SGPB
McGuire AFB NJ 08641-5300 1 ea

438 MAW/DE
McGuire AFB NJ 08641-5000 1

438 MAW/CC/PA/JA
McGuire AFB NJ 08641-5000 1 ea

DTIC
Cameron Station
Alexandria VA 22304-6145 2

HO HSD/EV
Brooks AFB TX 78235-5000 1
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' In July 1954, McGuire AFB was officially assigned to the
Military Air Transport Service with the Air Defense Command
(ADC) and the New Jersey Air National Guard (NJ ANG) as major
tenant organizations. NJ ANG consolidated its activities on the
west side of the base supported by a Major Construction Program
(MCP). Subsequently, SAC and CAC tenant units were assigned to
McGuire AFB. In January 1966, the Military Air Transport Ser-
vice became the Military Airlift Command (MAC) with headquar-
ters at Scott AFB, Illinois. Eastern Transport Air Force became
the 21st Air Force with headquarters at McGuire AFB, and the
1611th Air Transport Wing became the 438th Military Airlift
Wing (MAW). The SAC Tanker Squadron left McGuire AFB in 1965,
and its facilities were occupied by the 170th Air Transport
Group of NJ ANG.

The present host organization at McGuire AFB is the 438th MAW
whose primary mission is to provide quick-reacting, concen-
trated, massive airlift capabilities for emplacement of DOD
forces into combat situations in a fighting posture and to then
furnish materials support to those forces. The Wing also is
responsible for operating McGuire AFB and for providing
adequate support to a large number of tenant units.

Past Air Force activities in support of operational missions at
McGuire AFB have resulted in several waste disposal sites of
potential concern at the base. Task Order 0016 requires
evaluation of these sites to determine their impact on public
health and the environment. Figure 1-3 represents the locations
of sites to be investigated at the BOMARC Missile Site under
this Task Order. A brief description of each site is presented
as follows.

1.4 DESCRIPTION AND HISTORY OF SITES TO BE INVESTIGATED

1.4.1 Site 1: McGuire Missile Site Accident Area (New Site)

The McGuire Missile Site (BOMARC) shown in Figure 1-3 is
located on the Fort Dix Military Reservation, approximately 11
miles to the east of McGuire AFB and on the eastern side of New
Jersey Route 539. The site is divided into two separate areas
which together constitute 219 acres. A launcher area on the
northern side of the site houses the launch shelters, and a
support area exists on the southern end of the site. The
missile site, constructed in the mid-1950's, is the site of the
46th Air Defense Missile Squadron (ADMS) and initially housed
56 liquid-fueled BOMARC missiles. The site was deactivated in
1972, and the missiles and warheads were removed.

S
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. In 1960, an accident occurred in the launcher area involving a
fire in one of the missile launcher shelters (Building 204).
During the fire, the burning missile released plutonium residue
from the launcher building. Consequently, the area around the
launcher building was contaminated with plutonium. The contami-
nated area has been covered with a concrete pad since 1961 to
contain the released radioactive mate:ial. Since the missile
accident, periodic radiation surveys have been conduczed in the
vicinity of the launrher area and downwind of the site. The
results of the survey indicate that the majority of the
plutonium residue was contained in the covered areas. No field
program was implemented at Site 1 during the Phase II Stage 1
field investigation.

Id
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* SECTION 2

BACKGROUND

2.3 REGIONAL GEOLOGY

Geologic units ranging in age from Cretaceous to Quaternary
have been identified in the New Jersey Coastal Plain (see
Figure 2-2). These units are typically unconsolidated materials,
consisting of gravel, sand, silt, clay, glauconite, marl, and
organic materials reposing on a Precambrian/Lower Paleozoic
crystalline basement complex. Coastal plain sediments form a
southeasterly dipping wedge thickening to the southeast.
Individual geologic units tend to thicken down dip and possess
an average unit dip ranging from 10 to 45 feet per mile.

The geology of McGuire AFB is dominated by interbedded conti-
nental and seashore marine sands and clays of the Cohansey,
Kirkwood, and Vincentown Formations all of which outcrop at the
Main Base (see Figure 2-3). The BOMARC Missile Site is under-
lain by the Cohansey Formation which consists of fine- to
coarse-grained quartzose sand with lenses of gravel that are
S usually 1 foot or less thick. The quartzose sand is predomi-
nantly yellow because of limonite staining, but also occurs in
shades of white, red, brown, and gray. The Cohansey forms athin veneer over much of the base and is in hydraulic connec-tion with the underlying Kirkwood Formation.

The Kirkwood Formation is reported to be a variable lithologic
unit divided into an upper component of silt and clay and a
lower component consisting of a very fine, dark micaceous sand.

Underlying the Kirkwood Formation is the Vincentown Formation
which consists of fine- to coarse-grained quartzose and
glauconitic sand with local clay. The Vincentown outctops in
localized zones primarily in the northern portion of the base.

The Cohansey and Kirkwood Formations are of hydrogeologic
interest because they act as a single aquifer at or near ground
surface in the vicinity of McGuire AFB. Other lower-yielding
aquifers which underly the Cohansey-Kirkwood include the
Vincentown, Mount Laurel, Wenona, and Englishtown Formations.
Regionally, there is some degree of hydraulic interconnection
between all these aquifers. The Raritan-Magothy regional
aquifer system occurs at depth and is isolated from the upper
aquifers by the confining clays of the Merchantville and

.Woodbury Formations (New Jersey Pinelands Commission, 1980).I.
2-1
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Approximately 23 soil types have been identified within the
* installation boundaries of McGuire AFB. The units described

impose moderate to severe constraints on the development of
waste disposal facilities since these soil units are typically
sandy and well-drained (E&S Phase I Report, 1982).

I

I

i
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* SECTION 3

FIELD PROGRAM
3.1 PROGRAM OBJECTIVES

The scope of work for Task Order 0016, which is presented in
Appendix B, was developed in part from recommendations
presented in the Phase II Stage 1 Report. The objective of this
Task Order is to collect additional data from all sites inves-
tigated previously in Stage 1 and from nine additional sites to
completely characterize groundwater and soil contamination at
those sites. Data from this investigation will be used to
define the extent of contamination in soils and groundwater, if
any, and the potential for migration within the environment.
The data also will be used to determine if there are any
hazards to public health and the environment based on
applicable State and Federal regulations.

3.1.1 Scope of Work

The scope of work includes the installation of 35 monitor
* wells; groundwater sampling of 52 existing or newly installed

monitor wells; completion of 51 soil borings; soil, sediment,
and surface water sampling; and geophysical surveys.

Data from this investigation have been incorporated with data
* obtained during the Phase II Stage 1 effort to characterize

soil and groundwater contamination at each site. All individual
sites are listed under one of three IRP Categories. Category I
sites are sites where no further action (including remedial
action) is required. Category II sites are sites which require
additional data to further assess the extent of current or
future contamination. Category III sites are sites that have
been completely characterized and require remedial action. Cost
estimates for Categories II and III sites are provided .in a
separate report.

3.1.2 Analytical Requirements

The analytical protocol was developed based on the Phase I and
Phase II Stage I investigations. Contaminants of concern
detected at significant concentrations at McGuire AFB are
listed in Table 3-1. Analytical procedures developed for this
investigation are presented in Appendix J. A complete list of
U.S. EPA priority pollutant VOCs, BNAs, and pesticides is
provided in Table 3-2.

3-1
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Table 3-1

Water Quality Guidelines for Compounds
Detected in Significant Concentration

(mg/L)

Taste NJ DEP
Contaminants and Correct- Ambient
of Concern Odor ive Water
Detected at Thres- Actions Quality
McGuire AFB MCL SMCL MCLG hold Criteria SNARL Criteriac

Oil and Grease --- 0.010 ---.. ..
Nitrate 10 --- --- ---... ....

Nitrite -------- 1.0 ---........

Arsenic 0.05 --- 0.05 ---.........

Cadmium 0.010 --- 0.005 ---... 150a 0.010
Chromium 0.05 --- 0.12 --- --- --- 0.05
Copper --- 1.0 1.3 .........- 1.00

0Lead .05 --- 0.02 --- --- --- 0.05
Mercury 0.002 --- 0.003 --- --- 0.000144
Nickel ---- -------- ----------- 0.0134
Iron --- 0.3 --- ---.. . ... ..

. 1,2-Dichlorobenzene 0.75 --- 0.75 ---....

*1-4-Dichlorobenzene 0.62 ---...... ..
l.2-Dichloropropene 0.006 ---........S1,1-Dichloroethane 0.005 ---.... ............

trans-1.2-Dichloro-
ethene 0.006 --- --- 0.270 ---

Trichloroethene 0.005 --- --- --- 0.005 --- 0.0027
Tetrachloroethylene 0.20 --- 0.005 0.020a ---
Phenol --- 0.300 --- 3.5
2,4-Dimethylphenol --- --- ---.... 0.400
Naphthalene --- --- --- --- 0.143
Benzene --- --- 0.005 0 . 0 7 0 a 0.00066
Chloride --- 250 --- --- ---....

Cyanide --- --- --- --- 0.20
Chlordane ---..--- --- --- 0
4,4'-DDD --- --- --- --- 0
4,4'-DDE-------- --- --- --- 0
4,4'-DDT---- --- --- --- 0
Dieldrin-------- --- --- --- 0

i aChronic
bToxic
CFor ingestion of aquatic organisms.

MCL z Maximum Contaminant Level
SMCL = Secondary Maximum Contaminant Level

&MCLG = Maximum Contaminant Level Goal

IWSNARL a Suggested No Adverse Reaction Level
3-2
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Table 3-1
(continued)

Taste NJ DEP
Contaminants and Correct- Ambient
of Concern Odor ive Water
Detected at Thres- Actions Quality
McGuire AFB MCL SMCL MCLG hold Criteria SNARL Criteriac

Chlorobenzene --- ... --- --- .-- 0.02
Ethylbenzene ---.--- --- --- 1.4
Sulfate --- 250 --- ---

Toluene --- 2.0 --- --- 0.340 1 4 . 3 0 0 b

Xylenes ---.--- --- --- 1.400 ---
Vinyl chloride 0.001 - --- --- 0.005 --- .002
Diethyl phthalate ---.. ...--- -. 313.0
1,2-Dichloroethane 0.005 --- --- --- 0.005 ---
Methylene chloride --- --- .0.005 1.300

aChronic
'Toxic
CFor ingestion of aquatic organisms.

MCL = Maximum Contaminant Level( SMCL = Secondary Maximum Contaminant Level
MCLG = Maximum Contaminant Level Goal

SNARL = Suggested No Adverse Reaction Level

I
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* Table 3-2

Compounds Analyzed at McGuire AFB

*Metals Base-Neutral Extractibles Acid Extz-actibles

*Arsenic Acenaphthene 2-Chlorophenol
Boron Acenaphthylene 2,4-Dichiorophenol
Cadmium Anthracene 2.4 Dimethyiphenol
Chromium Benzidine 4,6-Dinitro-o-cresol
Copper Benzo(a)anthracene 2,4-Dinitrophenol
Iron Benzo(a)pyrene 2-Nitrophenol
Lead Benzo(b) fluoranthene 4-Nitrophenol
Mercury Benzo(g,h~i, )perylene p-Chloro-m-cresol

*Nickel Bernzo(k)fluoranthene Pentachiorophenol
Selenium Bis( 2-chloroethoxy)methane Phenol
Silver Bis(2-chloroethyl)ether 2,4,6-Trichiorophenol
Zinc Bis(2-chloroisopropyl)ether

Bis(2-ethylhexyl)phthalate Volatiles
Pesticides 4-Bromophenyl phenxyl ether

2-Chloronaphthalene Acrolein
*Aldrin Chryserie Acrylonitrile

Alpha-DHC 4-Chlorophenyl phenyl ether Benzene
Beta-BHC 1.2,5,6-Dibenzanthracene Bromodichloromethane
Gamma-BHC 1, 2-Dichlorobenzene Bromoform
Delta-BHC 1,3-Dichlorobenzene Carbon tetrachloride
Chlordanxe 1,4-Dichlorobenzene Chlorobenzene
4,4*-DDD 3,3-Dichlorobenzidine Clrehn
4,4*-DDE Diethyl phthalate 2-Chloroethyl vinyl ether
4,4*-DDT Dimethyl phthalate Chloroform
Dieldrin Di-n-butyl phthalate cis-1,3-Dichloropropene
Alpha endosulf an 2.4-Dinitrotoluene Dibromochloromethane
Beta endosulf an 2,6-Dinitrotoluene 1. l-Dichloroethane
Endosulfan sulfate Di-n-octyl phthalate 1.2-DichloroethaneIEndrin 1, 2-Diphonylhydrazine 1. l-Dichloroethylene
Endrin aldehyde Fluoranthene 1..2-Dichloropropane
Heptachlor Fluorene Ethylbenzene
Heptachlor epoxide Hezachlorobenzene Methyl bromide
PCB 1016 Hezachlorobutadiene Methyl chloride
PCB 1221 Hexachlorocyclopentadiene 1,1,2..2-Tetrachloroethane
PCB 1232 Hexachi!..oethane Tetrachloroethylene
PCB 1242 Indeno(l.,23-c,d,)pyrene trans-1.2-Dichloroethylene
PCB 1248 Isophorone trans-1.3-Dichloropropene

3-4
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Table 3-2
(continued)

Metals Base-Neutral Extractibles Volatiles

PCB 1254 Naphthalene 1,1,2-Trichloroethane
PCB 1260 n-Butyl benzyl phthalate Trichloroethylene
Toxaphene Nitrobenzene 1,1,1-Trichloroethane

N-nitrosodimethylamine Toluene
Miscellaneous N-nitrosodi-n-propylamine Vinyl chloride

N-nitrosodiphenylamine Total xylenes
Ammonia Phenanthrene Methylene chloride
Chloride Pyrene
Petrolewn

hydrocarbons Radionuclides
Hydrazine
Nitrate Plutonium-238
Sulfate Plutonium-239

i

I
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. At the BOMARC Missile Site, where a radioactive spill occurred
in the 1960's, soil and water samples were collected and
analyzed fnr plutonium.

3.2 FIELD INVESTIGATION

The Phase II Stage 2 field investigation was conducted to:

* Determine the presence or absence of contamination
within specified areas.

* Determine the magnitude and extent of contamination
and the potential for these contaminants to migrate in
various environmental media.

* Identify significant public health and environmental
hazards based on applicable State and Federal regu-
lations.

Data presented in this report were obtained from 52 monitor
wells, 1 production well, 36 deep soil borings, 22 near-surface
borings, 5 test pits, 9 sediment and 9 surface water sampling
locations, and 2 geophysical investigations.

During drilling of the monitor wells, split-spoon samples were. collected at regular intervals for visual inspection of the
unconsolidated sediments in the unsaturated and saturated zone.
During installation of the monitor wells at Site 1, samples
were collected at discrete intervals for chemical analysis to
determine the extent of possible vertical migration of
contaminants. Installation of monitor wells also provided water
level data for determining groundwater flow gradients and
directions in the unconfined, shallow water table aquifer at
the sites. A stream elevation survey provided additional
information on the interrelationship between surface and
groundwaters. The field work is summarized on a site-by-site
basis in Table 3-3.

3.2.1 Schedule of Activity

The field investigation at McGuire AFB commenced on 15 October
1986 and was completed on 15 August 1987. Table 3-4 is a
summary of WESTON's field activities schedule at McGuire AFB.

i
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Table 3-3

McGuire AFB
Field Work Summary On a Site-by-Site Basis

Site Stage 2 Activity

Site 1: McGuire Missile Install six groundwater monitor wells
Site Accident Area (new for plutonium analyses. Collect three'
site) soil samples from each boring for soil

plutonium analyses. Perform well and
groundwater elevation surveys. Collect
groundwater samples from the six
wells. Analyze soil and water samples
for Pu-238 and Pu-239. In addition,
one well (PU-7), otherwise associated
with Site 5, was also sampled for
Pu-238 and Pu-239.

Site 2: Zone 1 - Land- Collect groundwater samples from five
fills 4, 5, and 6 and existing wells for petroleum hydrocar-
Sludge Disposal Area bons, phenols, ammonia, boron, iron,

Base/Neutrals and Acid Extractables

BAs) pesticides, PCBs analyses.
Collect three surface water samples
for these parameters except BNAs,
pesticides, and PCBs. Drill 10 deep
borings and conduct a geophysical
survey. Perform well and groundwater
elevation surveys.

Site 3: Landfill 2 Install three groundwater monitor
wells and collect samples of ground-
water for petroleum hydrocarbons,
phenols, ammonia, boron, iron, chlor-
ide, nitrate, sulfate, VOCs, BNAs,
pesticides, and PCB analyses. Col-
lect groundwater samples from three
existing monitor wells. Collect three
surface water samples for petroleum
hydrocarbons, phenols, ammonia, bor-I on, iron, chloride, nitrate, sulfate,
and VOCs analyses. Drill six deep
borings and conduct a geophysical

survey. Perform well and groundwater
elevation surveys.

3
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Table 3-3
(continued)

Site Stage 2 Activity

Site 4: Landfill 3 Install three groundwater monitor.
iells and collect groundwater samples
for petroleum hydrocarbons, phenols,
ammonia, boron, iron, chloride,
nitrate, sulfate, VOCs, BNAs, pesti-
cides, and PCBs analyses. Collect
groundwater samples from three exist-
ing wells. Collect three surface
water samples for petroleum hydro-
carbons, phenols, ammonia, boron,
iron, chloride, nitrate, sulfate, and
VOCs analyses. Perform well and
groundwater elevation surveys.

Site 5: McGuire Missile Install five groundwater monitor wells
Site JP-X Discharge Pit and collect groundwater samples for

petroleum hydrocarbons, phenols, ammo-
nia, boron, iron, chloride, nitrate,
sulfate, VOCs, hydrazine, and xylenes
analyses. Collect groundwater samples
from two existing wells. Perform well
and groundwater elevation surveys.
One well (PU-7) will be sampled for
Pu-238 and Pu-239 to supply additional
data for the Site I investigation.

Site 6: Pesticide Wash Collect three sediment samples and
Area three 2-foot core samples from- the

wash area drainage path. Analyze for
organochlorine pesticides.

Site 7: DPDO Storage Collect 12 near-surface soil samples
Area around perimeter of drum storage and

buried tank areas. Analyze six samples
for PCBs and archive the remaining
samples.

I

3-8
1747B



Table 3-3
(continued)

Site Stage 2 Activity

Site 8: Fire Training Collect groundwater samples from twoArea 1 existing wells for petroleum hydro-
carbons, VOCs, and xylenes analyses.I
Perform well and groundwater elevation
surveys.

Site 9: Bulk Fuel Collect groundwater samples from two
Storage Tank Farm existing monitor wells for petroleum

hydrocarbons, VOCs, and xylenes analy-
ses. Perform well and groundwater
elevation surveys.

Site 10: Civil Perform five backhoe excavations toEngineering Compound confirm the presence or absence of
buried barrels. Collect five soil
samples and test for priority pollut-
ant purgeable organics.

Site 11: Fire Install three monitor wells and ana-Training Area 2 lyze groundwater for petroleum hydro-
carbons, lead, and VOCs. Perform welland groundwater elevation surveys.

Site 12: McGuire Missile Perform 10 test borings and collectSite Transformers (new soil samples for petroleum hydrocar-
site) bons and PCBs analyses.

Site 13: Fire Training Install three monitor wells and col-Area 3 (new site) lect groundwater samples for petroleum
hydrocarbons, lead, and VOCs analy-
ses. Perform well and groundwater
elevation surveys.

j
I
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Table 3-3
(continued)

Site Stage 2 Activity

Site 14: NDI Shop - Install three monitor wells and collect
Drain Field (new site) groundwater samples for petroleum

hydrocarbons, cadmium, total chromium.'
copper, nickel, lead, zinc, mercury,
silver, selenium, and arsenic analyses.
Collect 10 near-surface soil samples
and analyze for the same parameters.
Perform well and groundwater elevation
surveys.

Site 15: McGuire Missile Install three monitor wells and collect
Site - MOGAS Storage groundwater samples for petroleum
Tanks (new site) hydrocarbons and lead analyses. Col-

lect three soil samples from each bor-
I ing and analyze for petroleum hydro-

carbons and lead. Perform well and
groundwater elevation surveys.

I Site 16: McGuire Missile Install three monitor wells and collect
Site - BOMARC Missile groundwater samples for petroleum
Launchers (new site) hydroocarbons analyses. Perform well

and groundwater elevation surveys.

Site 17: McGuire Missile Install three monitor wells and collect
Site Neutralized Acid groundwater samples for nitrate analy-

* Pit (new site) ses. Perform well and groundwater ele-
vation surveys.

Site 18: PCB Spill Site Perform 10 test borings around the
(new site) perimeter of the site and collect soil

samples for PCBs and petroleum hydro-
carbons analyses.

3
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Table 3-4

McGuire AFB
Field Activities Schedule - 1986-1987

Stage 2 Activity Date

Geophysical Surveys 20 October - 15 November 1986

Soil Borings (includes deep 15 October - 24 November 1986
and shallow soil and sedi-
ment sampling, test pit
excavations, and surface
water samples)

Monitor Well Installations 23 October 1986 - 5 February 1987
(35, including well
development)

Monitor Well Elevation 5 February - 23 February 1987

Surveys

Groundwater Sampling. Round 1 9 February - 2 March 1987
Round 2 9 March -25 March 1987

Monitor Wells PU-i
through PU-7

Round 1 6 July -8 July 1987
Round 2 12 August 1987

I
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3.2.3 Site-Specific Investigations

The following subsection describes the detailed soil, ground-
water, and surface water investigations conducted Site 1.

3.2.3.1 Site 1: McGuire Missile Site Accident Area

During drilling, the water level was encountered at 50 to 67
feet. The Scope of Work originally planned six shallow (30-
foot) wells at Site 1. A typical well construction diagram is
presented in Figure 3-1. Six deep monitor wells were installed.
at Site 1 at locations shown in Figure 3-9. Each was screened
in the upper portion of the water table aquifer, and all were
positioned around the site to gain complete coverage of the
accident area. The wells, numbered PU-l through PU-6, were
screened 12 feet into the wL qr table. Monitor well PU-i was
intended to represent the upgradient well, and monitor well
PU-2 was intended to be downgradient of the site. Wells PU-3

I through PU-6 were installed at locations determined to be in
the surface drainage path flow direction away from the Missile
Launcher Site. The wells were screened in saturated,
well-sorted fine sand of the Cohansey Formation.

In addition to the six shallow monitor wells installed, a
second, deep well was initially specified for installation at
the monitor well PU-4 location. Because groundwater was deeper
than estimated, it was determined that a well cluster would not
intercept any water at the shallower well point. Therefore,only one well was installed at PU-4. Monitor well constructionand elevation summary is shown in Table 3-5.

During drilling operations for the wells at Site 1, WESTON's
Health Physicist used an Alpha Scintillator, an air pump, and
LDS dosimeters to monitor air quality and personnel radiationJ dosage.

Groundwater samples were collected from wells PU-i through PU-6
and from PU-7 (otherwise considered a monitoring point for -Site
5); the samples were analyzed for Pu-238 and Pu-239.

I
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0 Table 3-5

Monitor Well Construction and Elevation Summary

Top of Casing Screen Casing
Well Site Elevation Above Length Length

Number Number MSL (ft) (ft)

MW-i 2 100.71 20 10
KW-2 2 87.35 20 9
KW-3 2 93.16 15 10
MW-4 2 97.67 10 21
MW-5 2 ---

KW-6 3 131.12 15 22
MW-7 3 129.59 10 27
MW-8 3 126.39 10 26

MW-9 4 116.84 10 21.5
PW-10 4 114.63 20 12
1W-11-i 4 119.69 20 21

O MW-12 9 114.75 20 19
14W-13 9 113.21 20 9

MW-14 8 117.43 20 7
MW-15 8 116.78 20 7

MW-16 5 155.92 15 23
MW-17 5 153.66 15 16

MW-26 3 125.72 15 12
MW-27 3 130.01 15 15
MW-28 3 125.79 15 15

MW-29 4 122.56 15 15
MW-30 4 123.30 15 15
MW-31 4 122.20 15 15

MW-32 14 116.13 15 7
MW-33 14 115.53 15 7
MW-34 14 115.52 15 7

I
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Table 3-5
(continued)

Top of Casing Screen Casing
Well Site Elevation Above Length Length

Number Number MSL (ft) (ft)

MW-35 13 118.71 15 7
MW-36 13 118.72 15 7
MW-37 13 119.43 15 7

MW-38 11 109.60 15 7
MW-39 11 109.35 15 7

MW-40 11 110.65 15 7

MW-41 17 159.87 15 29
MW-42 17 156.69 15 25
MW-43 17 155.47 15 29

MW-44 15 152.01 15 25
MW-45 15 150.54 15 25
MW-46 15 149.93 15 25

11W-47 16 169.62 15 40
MW-48 16 145.73 15 19
MW-49 16 167.10 15 40

BMC-1 5 144.73 15 15
BMC-2 5 153.74 15 25
BMC-3 5 143.14 15 15

S BMC-4 5 140.08 15 15
PU-7 5 152.30 15 25

PU-i 1 182.89 15 52
PU-2 1 174.31 15 42
PU-3 1 177.06 15 45
PU-4 1 177.67 15 45
PU-5 1 169.01 15 37
PU-6 1 168.27 15 45

.1
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* SECTION 4

RESULTS

4.1 SITE INTERPRETIVE GEOLOGY

The interpretations presented in this section are based on
geologic records reviewed during the records search and on the
logs of existing and newly installed monitor wells and borings.*"

4.1.2 BOMARC Site (Site 1)

The BOMARC Missile Site, located approximately 11 miles east of
the base, is directly underlain by the Cohansey Formation
which, in turn, overlies the Kirkwood and Vincentown Forma-
tions. Generalized descriptions of the formations are given in
Subsection 2.3. Figure 4-2 presents a fence diagram for the
BOMARC Site.

Sediments penetrated by wells drilled at the BOMARC Site
consist of four general units presented in order of decreasing
abundance:

i * Medium-to-fine quartz sand.
* Coarse-to-medium quartz sand.
* Coarse-to-fine quartz gravel.
* Clay, silt, and peat.

Medium-to-Fine Sand - This unit consists of well-sorted medium-
to-fine quartz sand containing minor amounts of gravel, coarse
sand, silt, and clay. Color ranges from light gray to brownish-
yellow, and color laminations and mottling are common. Rusty-
orange layers of iron oxide enrichment were noted often
occurring just above clay- and silt-rich layers. Hard, brittle,
indurated iron-rich layers were occasionally encountered,, and
thin horizons rich in heavy mineral grains also were noted.
Medium-to-fine sand units appear to be laterally extensive
throughout the BOMARC Site and range from less than 5 to more
than 40 feet in thickness.

A
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SRIx G. m THE EARTH TECHNOLOGY CORPORATION
Project Geologist

Education:
Graduate Studies, Geology, Rutgers University, 1983-1986
B.A., Geology, Rutgers University, 1981
A.A.S., Chemistry, Morris County Comimxnity College, 1977

Fagistratiin:
Certified Professional Geologist, Arkansas, No.709
Registered Professional Geologist, Tennessee, No. TN 1224
American Institute of Professional Geologists, CPG No. 8013

Professional Eperience:

Richard Bizub has nearly 10 years experience in designing and implementing
field investigations related to hydrogeologic site assessments, hazardous
waste investigations, environmental compliance and permitting, geologic
studies, and geophysical mapping. He has over 7 years experience in site
inspections, soil and groundwater sampling, supervision of monitoring well
construction, aquifer testing, site mapping, and geologic research. Mr.
Bizub is familiar with the environmental regulations governing discharge,
and water quality protection.

Prior to joining Earth Technology, Mr. Bizub was involved in a variety of. geological investigations related to geotechnical engineering. His duties
included supervising field projects, interpretating test boring logs, and
preparing geological maps and cross sections. In addition, he served as an
inspector in charge of construction seismology on EPA construction sites in
New York. Mr. Bizub also assisted in preparing Geology of elected Areas of
New Jersey, a guidebook of the geology of New Jersey. Mr. Bizub's
environmental experience encompasses:

GO]MYSICL SWVE ON NEW JRSEWYS ROUTE 78
PSILIU•MURG, -W JERSEY
mDI JESE DEARMENT Or TMhAS0EEATI01 (through Louis Berger and
Associates)

Assisted with a geophysical investigation using Ground Penetrating
Radar (GPR) to map the presence or absence of sinkholes beneath
Route 78 in northern New Jersey. This project was conducted in the
jacksonburg and Kittatanny Formations, both prominent karst
topography. Confirmation drilling was conducted by the client to
evaluate the validity of the geophysical data. A 75% success ratio
resulted. Mr. Bizub assisted with the field work and final report.
He also acted and the primary liaison between the Earth Technology
geophysical team and the New Jersey DOT.

EfI IDISI CfOI ANM CWSURE
MW JUSH!
MAP EC= DUTRIES

Assisted in the technical development of a sanitary landfill
disruption permitting program located in the wetlands of New
Jersey. The program required a detailed soil erosion and sediment
control plan, and an extensive disruption engineering work plan.



ON M ammiT MM•GIT~l ATN DM CYVE [ ulL
MMYS L=DNG, IWI JRSEY
ANERIQhN CZ MID CMWANY

Managed and supervised a groundwater quality monitoring program for
an inactive landfill to obtain a groundwater discharge permit. The
project required the installation of four monitoring wells and the
development of a comprehensive sampling program to characterize
contaminant transport from the site. As part of the permit
requirements, quarterly sampling is performed and sumury reports
are prepared.

BZAMM WSTE NER SITING
MKWD TOWNSHIP, MW JEREY

Performed an in-depth hydrogeologic analysis of existing data
relative to the siting of a hazardous waste incinerator. The
project involved reviewing well locations and construction details,
aquifer test data, aquifer properties, groundwater flow conditions,
geophysical logs and performing a regional flownet analysis.

NJPDS PEMITTING
NO nNOM TOWNSHIP, WK ESEY
MwmPE ASSwCAIS

Supervised field activities for a groundwater investigation leading
to a subsurface wastewater disposal permit for a proposed hotel.
The project required installation of monitoring wells, aquifer
tests to characterize the saturated zone, a computer simulation of
groundwater mounding as a result of wastewater disposal, and
laboratory testing to identify hydraulic properties of the
unsaturated zone.

I" DIAL MESVTIGPMONS(\FEShIIUTY AT DBWRC MISSILE SITE
KcGUIRE AIR FCRCE BSE, NS J=SW
U.S. AIR 1V•

Assisting with the field investigation for a two-million-dollar
Phase II Installation Restoration Program studies at the BOMARC
missile Site at McGuire AFB, New Jersey. These studies include an
RI\FS and an Evironmental Impact Study. Contaminants of concern
are radionuclides. Contamination migration through air, soil,
groundwater, surface water, and sediment is under evaluation. Mr.
Bizub is collecting soil samples, overseeing groundwater monitoring
well installation, and ensuring subcontractor performance in the
field.



FAh aAomz ACFTIVITIZS
EP;WM CMWY, NEl I=
U.S. AIR F~MC OCCUPATIOML AND EN&IBONTL MLTE

Assisting with the RCRA closure activities at Air Force Plant 38 in
Niagara County, New York. The activities included removal of four
umderground storage tanks, sampling for contaminants, and
backfilling the excavation; sampling and incinerator for asbestos
and dismantling the incineratory; preparing a health and safety
plan, nd a QANgC plan; and coordinating activities with state and
federal agencies. Mr. Bizub assisted with the soil sampling
collection and subcontractor oversight in the field.

A== TESmG

U.S. tvY

Performed water supply well test tests, and Packer tests to
evaluate specific capacity reductions and to assess the usefulness
of several water supply wells tapping a fractured, Triassic aquifer
at the U.S. Naval Air Development Center. The well drawdown and
recovery data were analyzed to evaluate aquifer properties and well
efficiencies. Based on this data, strategies were planned to
optimize pumping cycles and pumping rates to meet water demands.

Eu Dorm SITE ASSESWIT
FPHILW A, PWIMLVANIA
PAZCEAN, U.S.A.

Conducted an environmental assessment of the C. Brewer Terminal
site located in the Port of Richmond section of Philadelphia,
Pennsylvania. The objective of this assessment was to compile and
analyze data concerning the environmental condition of the site
that might have potential to negatively affect ownership. Mr.
Bizub conducted a review of existing literature, plans and records,
an on-site visual inspection and preliminary soil sampling. The
results and data compiled during this assessment was analyzed to
determine the environmental status of the property.

sOmn TVhOTNQ, AT VWI xIIA

MYRON, U.S.A.

Assisted with an environmental assessment of the Huntington oil
distribution-transfer facility in Huntington, West Virginia.
Determined the geology of the site and assessed with the removal
and inspection of three underground oil storage tanks. Responsible
for collecting soil samples from within each of the tanks'
excavated pits to evaluate if the tanks had leaked. Shallow soil
sampling was performed throughout the facility to test for
petroleum compounds. Mr. Bizub also assisted with groundwater
sampling of eight existing monitoring wells to analyze for
petroleum hydrocarbons and evaluate aquifer characteristics.



PO REIPINRRY SITE EVALUTICN AT TOE CIRLESTON T1WmL
CMI•LESTCN, wmT na
CNYM, U.S•.A

Assisted with a preliminary environmental site evaluation for the
Charleston oil distribution-transfer terminal to evaluate existing
site conditions concerning possible soil and groundwater
contamination. Mr. lizub was responsible for determining the
geologic and hydrogeologic settings of the site and collecting soil
and groundwater samples for laboratory analyses for the presence of
petroleum hydrocarbons and volatile organic compounds.

OCI•0WNfLM ON DELINEITION OF IN THE GRDEATER
SUSSEX, N JERSEY
COIDENTAL CLIENT

Overseeing the installation of monitoring wells to sample
groundwater and determine the extent and degree of soil and
contamination. once completed with this phase, Mr. Bizub will
determine remedial measures for cleanup. There are six areas of
environmental concern that had previously been identified at the
site: an oil stain of unknown origin in the gravelled parking
area; empty and crushed drums; stained soil; an abandoned septic
tank; a 10,000-gallon aboveground fuel oil tank; and a 1,000-gallon
abandoned fuel oil tank. Mr. Bizub implemented a soil gas analysis
program to determine the extent of soil contamination.

G0LOGIC STUDY OF AN 1870 ORE OCCURRECMOUJNT CLIVE, NEW JERtSEY

Conducted a geologic study of a pre-1870 iron ore occurrence to
assess possible radon hazards associated with magnetite cores. The
investigation consisted of a literature review, scintillation
counter traverses to determine areas of anomalous radioactivity,
diamond drill cores logging and a sampling program to analyze for
uranium, iron and cerium.

Professional Organizations

American Institute of Professional Geologists
Association of Engineering Geologists
Association of Groundwater Scientists and Engineers (NMA)
Geological Society of America

Publications

"Shortening of Cover and Basement in the Greenpond Outlier of Northern New
Jersey", Geological Society of America, 21st Annual Meeting, Northeastern
Section, 1986, with Joseph Hull

"Deformation Zones in the New Jersey Highlands", Geological Association of
New Jersey, in Geology of the New Jersey Highlands and Radon in New Jersey,. October 1986, with Joseph Hull and Robert Koto

"The Design and Implementation of Groundwater Monitoring Systems", American
Society of Civil Engineers,, Water Resources Planning and Management
Division, 16th Annual Specialty Conference, May 1989, with Leonard Cilli



ROBERT A. COLONNA
SENIOR VICE PRESIDENT

THE EARTH TECHNOLOGY CORPORATION
Education

M.BA, Operations Research, 1965, American University
B.S., Management Engineering, 1961, Rensselaer Polytechnic Institute

Professional Experience

Robert Colonna has more than 26 years of experience in engi-neering, most of which is
related to solid and hazardous waste management He has worked for both industry and
EPA, and understands the concerns of both industry and government in meeting regulatory
requirements. He has managed nationwide waste management programs involving as many
as 65 professionals. For the past ten years he has been responsible for land disposal site
evaluations throughout the U.S. He is the past Chairman of the Professional Services
Council (PSC) of the National Solid Waste Management Association. As a senior executive
at The Earth Technology Corporation and assigned to Washington, D.C., he is responsible
for corporate-wide hazardous waste management pro-grams and can call upon corporate
resources as needed on any pro-ject.

Mr. Colonna has proven managerial skills directing diverse and complex hazardous waste
* projects. He has successfully and cost-effectively managed numerous tasks and

subcontractors on multi-disciplinary projects for the EPA and is experienced in producing
rapid results with EPA quality control and quality assurance pro-cedures.

His experience in managing and successfully controlling large and technically complex
projects has been demonstrated throughout his career on numerous government projects.
Additionally, he has many years of experience with the U.S. Navy, drilling and ana-lyzing
wells at several sites for groundwater contamination, and making recommendations for
remedial actions.

With his management experience, he is well versed in the need for preventative
management, so potential problems are recognized and diffused early.

o HAZARDOUS WASTE
RI/FS AND RCRA REMOVAL (3 SITES)
USAF/OEHL

Mr. Colonna is the overall program manager on three major Air Force waste
management projects. The first is a RCRA removal at Air Force Plant 38 in Buffalo,
NY involving removal of four underground storage tanks, soil excavation and testing,
and the dismantling of an incinerator. The second is an RI/FS at Air Force Plant 3
in Tulsa, Oklahoma involving a major well installation, groundwater monitoring
program followed by site remediation. The third site is March AFB in San
Bernardino, California, and involves well installation, soil and groundwater sampling,
and site remediation.



"O o HAZARDOUS WASTE
WASTE MINIMIZATION AT AFSC BASES

USAFIAFSC ANDREWS AIR FORCE BASE

Responsible corporate officer for analysis of waste manage-ment practices at six Air
Force bases and three Air Force stations seeking waste minimization.

"o LAND DISPOSAL REGULATORY PROGRAM
NUS (SUBCONTRACT ON AN EPNOSW PROGRAM)
WASHINGTON, D.C.

Managed $700K worth of Work Assignments for the Development of the Leak
Detection and Double Liner Rules, their Preambles, and Background Documents.
Responsible Corporate Office for six other work assignments including the no
migration petition and chemical waste repository guidance documents. Project
Manager for an additional $250K work assignment with EPA's Municipal Solid Waste
Task Force involving the development of a strategy report to the Administrator and
Congress.

"o ENVIRONMENTAL AUDITS AT AF GOCO FACILITIES AND AFSC BASES
USAF/AFSC/ASD
WRIGHT PATTERSON AFB, OHIO

Responsible corporate office conducting environmental audits of eleven Air Force
Production Plants. Project Manage on a project involving comprehensive
environmental audits of seven AFSC bases.

"o RCRA FACILITY ASSESSMENTS (RFA'S)
AND PART BE PERMIT REVIEW
KEARNEY (SUBCONTRACTOR ON EPA/OSW PROGRAM)
WASHINGTON, D.C.

Responsible corporate officer for site inspection and facility assessments at fourteen
industrial facilities (hazardous waste generators, storers, disposers).

"o MISSION SUPPORT CONTRACT
TECHNCAL AND MANAGEMENT SERVICES (TMS-III)
USEPA/ORD
CINCINNATI AND EDISON, NJ

As national program manager for a ten million dollar, four year research and
development contract involving hazardous waste site deanup and containment, he
ensured that an inte-grated team, comprised of professional staff from several
companies, produced technical work that was completed accurately, on time, and with
appropriate cost control.



"o INDUSTRY STUDIES AND DE1STING PROGRAM
USEPNOSW
WASHINGTON, D.C.

As corporate officer on this multi-million dollar, three year contract, Mr. Colonna
managed the development of a nationwide database for the chemical industries' waste
generator, storage and disposal practices. Experience from this project provided Mr.
Colonna with a thorough under-standing of past and present industrial practices that
are invaluable for technology transfer for the REM IV contract.

"o RCRA PANELS PROGRAM
USEPA REGION V
CHICAGO, IL

Managed and directed numerous RCRA projects for state and local governments on
waste-to-energy, municipal land dis-posal, collection and storage, and data system
support.

"o REMEDIAL ACTION MANUAL DEVELOPMENT
USEPA/-EADQUARTERS
WASHINGTON, D.C.

Developed Remedial Action Manual of R.A. Technologies for site encapsulation
groundwater control and soil treatment.

"O HAZARDOUS WASTE SITE RANKING METHODOLOGY
USEPNHEADQUARTERS
WASHINGTON, D.C.

Developed a methodology for prioritizing sites based on a composite index of danger
to health and environment which was developed for national use.

"o RCRA PANELS PROGRAM
USEPA REGION III
PHILADELPHIA

Managed numerous RCRA projects for state and local govem-ments on waste-to-
energy, hazardous waste disposal, muni-cipal waste disposal, waste collection and
transfer.

"o RCRA 4004 CRITERIA EIA
USEPANOSW
WASHINGTON, D.C.

Managed development for EIA for non-hazardous disposal site regulations.



O Registragons

Professional Engineer, Maryland, 1967, No. 5712

Previous Emplovers

JRB Associates - Sr. Vice President
Decision Systems Inc. - President
USEPA - Division Director/OSW
Applied Management Sciences - Sr. Vice President
Booz, Allen & Hamilton - Consultant

International Exaerience

Mr. Colonna presented a paper entitled '"omestic Waste Management - Alternatives to
Landfilling" at an AFSC workshop at Andrews AFB in August 1988.

Mr. Colonna presented a paper entitled 'Waste Minimization Techniques for Waste Oils and
Solvents" at the Sixth International Conference on* Chemistry for Protection of the
Environment, September 15-18, Torino, Italy.

Mr. Colonna presented a paper entitled "Materials and Energy Recovery Potential from the
* Leather Products Industry" at the IRC Conference in Berlin in 1982. In addition, he

presented a paper entitled "Upgrading Techniques for Land Disposal Sites" at the ISWA
Conference in Munich in June 1981. Prior to that, he pre-sented a paper on methane gas
recovery from landfiflls at a con-ference sponsored by UNITAR and IIASA in Vienna, Austria
In June 1976. In addition, he served as the head of EPA's delegation to the Soviet Union
to exchange land disposal and incineration tech-nology in July 1975.

References

Mr. Donald Sanning, USEPNHWERL
Manager of Superfund Research
26 West St. Clair
Cincinnati, Ohio

Col. Frank Gallagher
USAFSC
Andrews AFB
Washington, D.C.

Mr. Robert Tonetti, USEPNOSW
Manager, Land Disposal Branch
401 M Street, S.W.
Washington, D.C.



Forelan Lanauaues: None

CitizenshIR: USA

Security Clearance: Secret

Professional Or/anizations

ADPA
NSWMA Professional Services Council

0

0
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LISA E. GOLDBERG The Earth Technology Corporation
Staff Environmental Scientist

B.S., Natural Resources, Cornell University, 1985

Lisa Goldberg has over 4 years of experience In environmental policy assessment, RCRA
compliance Inspection, Ri/FS reviews, remediation oversight, hazardous waste site
assessment and monitoring, and comprehensive environmental audits for the Air
Force, USEPA and commercial clients for environmental consultants. Relevant
experience Includes:

"o Member of a team responsible for performing comprehensive environmental
audits for Air Force contractors (GOCOs). identified current and potential
environmental compliance problems and identified opportunities for waste
minimization, and opportunities for conserving, reusing and recycling materials in
Industrial plant operations. Recommended alternative waste disposal methods
and generation practices. Project also Involved hazard identification and a
follow-up to previous compliance assessments.

"o Performed RCRA compliance inspections which involved site Inspections at
(" Industrial facilities with RCRA Interim status as hazardous waste generators and/or

treatment storage and disposal facilities (TSD). Prepared inspection evaluation
reports Tegading the compliance status of each facility with applicable state and
federal RCRA regulations.

"o Performed environmental compliance assessments of four properties Involved In
real estate transactions. This work was done on behalf of a confidential client
and involved: a document review of the property and adjoining properties for
ownership and regulatory history; examining historical aerial photographs; and
reviewing geologic, hydrogeologic and soils maps and bulletins. Each site was
visually inspected for evidence of past and present environmental contamination.
Recommendations were made to the client regarding environmental liability
likely to be associated with property based on the investigations.

0

3-24



DAVID S. NALEU)
SENIOR STAFF CHEMICAL ENGINEER

THE EARTH TECHNOLOGY CORPORATION

Education

Bachelor of Chemical Engineering, Georgia Institute of Technology (1977)

Experience Summary

Six years of professional experience as a Chemical Engineer with two of those in the environmental
engineering industry. Extensive experience in engineering cost estimating. Examples of relevant
project experience include:

o Developed Feasibility Studies of remedial alternatives for hazardous waste sites at
the Air National Guard Base in Burlington, Vermont, the Air Force Plant 3 in
Tulsa, Oklahoma and the BOMARC Missile Site near McGuire Air Force Base,
New Jersey. Developed and screened remedial alternatives and calculated capital,
operating and maintenance costs.

o Performed a Waste Minimization Study of several DoD facilities in Hawaii. The
study is based on an integrated approach using unit operations and a mass balance
around them. Surveyed four facilities and prepared recommendations for waste
minimization. Developed life-cycle cost estimates in support of the
recommendations.

o Participated in the Remedial Investigation/Feasibility Study of Air Force Plant 3 in
Tulsa, Oklahoma. Tasks included a geophysical survey to locate underground
obstacles at borehole sites, a soil-gas survey along a 5,000 foot abandoned fuel line
to delineate any leakage, and subsurface sampling of soil and groundwater to define
boundaries and concentration levels. Assisted in the installation of boreholes and
groundwater monitoring wells for plume delineation, both laterally and vertically,
contaminant definition and concentration.

o Managed a crew and well logging computer truck for a wireline service company
in the Permian Basin of west Texs. Performed geophysical wireline services for
national and independent petroleum companies using sophisticated logging
equipment in conjunction with computers to obtain exploratory well logs.
Reponsible for interpreting the logs for the client

o Supervised high speed manufacturing lines for a manufacturing company. Oversaw
five production lines and maintained immediate quality control. Promoted to Staff
Engineer whose responsibilities included budgeting, project engineering, and long-
term quality control.

Professional Membership

Member, American Institute of Chemical Engineers



(
JANET ROBINSON The Earth Technology Corporation
Project Environmental Scientist

M.S., Environmental Science and Engineering, 1986
M.S., Biological Sciences, 1983
B.S., Biology, 1980

Janet E. Robinson has a strong background in environmental regulatory analysis
and waste management. Her experience Includes environmental compliance assess-
ments, remedial Investigations, RCRA facility assessments, and regulatory policy
support on land disposal and a variety of other Issues for federal, state, and local
governments. Relevant experience is summarized below:

"o Participated in comprehensive environmental compliance audits of eight Air
Force bases nationwide. Compliance with federal, state, local and Air Force
environmental regulations was evaluated. Each audit consisted of an extensive
literature review, a 1-2 week site visit, and reports that listed and discussed
observed environmental problems, recommended solutions, and evaluated
the short- and long-term cost of those solutions. In addition, a ranking
system was devised to prioritize resource allocations for corrective
actions. A final summary report discussed potential solutions to environmental
compliance problems across the Command.

"o Paerticipated in RCRA Facility Assessments of a large zinc smelting operation, a
munitions manufacturing plant, and a pipe foundry to identify and evaluate solid
waste management units (SWMUs). Each RFA Included a literature review of plant
operations and environmental records to identify past waste management practices; a
site visit to identify current waste management practices and to confirm Infor-
mation collected during the records search; and a final report describing and
evaluating observed solid waste management units. Each report also
contained recommendations for further actions to determine if releases of
hazardous constituents to the environment had occurred at specific facilities.

"o Produced a series of policy support documents for state and local policy makers on
topics such as underground storage tank management and disposal, small
quantity hazardous waste generator regulations, Incineration techniques, and
environmental regulations.

"o Investigated and costed several remedial alternatives for radioactively
contaminated soils and buildings as part of feasibility study for an abandoned
facility in New Jersey. The Isotopes consisted of plutonium and americium, and
remedial alternatives included building decontamination, soil volume reduction, and
material disposal.

3-37



A. EDWAIR SCIULLI
SENIOR STAFF GEOPHYSICIST

THE EARTH TECHNOLOGY CORPORATION

B.S., Geoscience-Geophysics option, Pensylvania State University, 1986

Ed Sciufli has more than 4 years of experience in all phases of geophysical applications. He
has Successfully applied the following techniques to investigate subsurface problems on
waste-related, gootechnical and hydrological projects: seismic refraction and downhole
vclocity surveys (P and S wavc), spectral analysis of surface wave (SASW) sounding,
electromagnetic induction, ground magnetics, and ground penetrating radar profiling.

Mr. Sciulli's major projects have included mapping contaminant groundwater plumes,
mapping landfill and trench boundaries, and locating abandoned wells. Other projects have
included road bad foundation studies, groundwater depth estimation and bedrock mapping.

As a senior staff geophysicist, Mr. Sciulli provides support in all geophysical activities,
*including data collection, processing, and interpretation.

o IRON ORE EXPLORATION
NATIONAL CEMENT COMPANY
LEBEC, CALIFORNIA

Scrved as Field Supervisor of a threc-man crew conducting a magnetic survey at 5
sites within an active quarry. The sites rangod in sizc from 600 x 600 feet to 3000 x
7000 feet. Responsibilities included grid and site map construction, data collection,
and evaluation of datr integrity. Assisted in all phases of data processing and
interpretation, Including first-order trend surface analysis. A total of six magnetic
anomalies were Interpreted as being economical iron ore deposits. Assisted in
thre.-dimensional block modeling of the six anomalies providing estimates of ore
body depth and volume. To date, mining has begun at one site and exploratory
drilling is planned for a second In the near future.

o SUBSURFACE CLEARANCE
VARIOUS
WESTERN UNITED STATES

Successfully applied technique that uses 3 complimentary .geophysical methods
(clectromagnctic induction, ground penetrating radar, and magnctics) to locate
subsurface man-made objects which may be hazards to drilling and trenching
operations. Surveyed hundreds of sites, locating utility lines and storage tanks.



. Clients include: Brown and Caldwell, Leighton and Associates, ERC WESTEC,
Hydro-Goeo-Chcm, Precision Tank Testing, BCL, and RTD. Responsibilities include
all data collection, prcssing, interpretation, and anomaly mapping.

o ABANDONED WELL SEARCH
BROWN AND CALDWELL
SHELL OIL REFINERY
WILMINGTON, CA

Conducted magnetic and ground penetrating radar survey at an active refinery to
locate an abandoned well. Coincident anomalies were found with both techniques and
are thought to represent the abandoned well. Responsibilities included all phases of
data collection, processing, and interpretation.

o MOFFETT NAVAL AIR STATION
SUNNYVALE, CALIFORNIA

Provided field and office support for geophysical program using three complementary
geophysical methods at 16 sites to find the most probablc location of buried,
steel-cased irrigation wells that were abandoned before the base was built. Ground
penetrating radar, electromagnetic profiling, and ground magnetics located
geophysical anomalies thought to represent steel casing about 650 feet long.

Data were automatically transferred to portable computers in the field and processcd
at night. Results were posted on base maps showing nearby cultural features, and the
effects of these features were removed from the data. The three data sets were then
correlated to determine the most probable locations for the wells at each site. One
well and a buried access cover have been uncovered to date.

o AQUA DULCE GROUNDWATER ASSESSMENT

Assisted in a deep refraction study to estimate hydrological resources in an alluvial
valley. Bedrock depth and configuration, and overburden lithology were detcrminod.
A bedrock fault was located and Is thought to be a major source of groundwater
recharge to the surrounding area. Results were used to design a well field.

o MELOLAND BRIDGE
EL CENTRO, CALIFORNIA

Used spectral analysis of surface waves tfchnique to map the detailed shear wave
velocity profile at the bridge pile. Results were used to model bridge/soil interaction
during earthquake loading.



. 0 BURLINGTON ANGB
BURLINGTON, VERMONT

Conducted geophysical survey using elcctromagnetic induction and ground magnetics
to map the boundaries of an exiting landfill and old fire-t-aining area. Responsible
for all data collection. Assisted in all phases of data reduction and interpretaion.
Results outlined the landfill and detected a possible contaminant plume in the shallow
gromndwatw.

o HAZARDOUS WASTE CONTAMINATION CONFIRMATION STUDY
PORT HUENEME NAVAL CONSTRUCTION BATTALION CENTER
U.S. NAVY

Assisted with magnetic and ground penetrating radar survey over an earth-moving
area and a hazardous waste storage area to support a Confirmation Study (the Navy's
equivalent to an RIIFS) within the Base. Results located five possible burial trenches
in the earth-moving area and possible buried drums at the storage area.

o MX MISSILE SITING STUDIES
ARIZONA, NEW MEXICO, MONTANA
U.S. AIR FORCE

. Assisted in soil stiffness studies in support of engineering investigations for the MX
missile program. Methods included shallow refraction and spoutral analysis of surface
waves (SASW) for P- and S-wave velocity data. Completed all phases of field data
collection, processing, modeling and interpretation. Results used to compute
engineering properties of sites to 8 feet in depth.

o HYDROLOGIC STUDY, DEEP SEISMIC REFRACTION
FORT BLUSS, NEW MEXICO
U.S. AIR FORCE

Provided field support to a hydrologic study in an effort to locate possible well sites
using the seismic refraction method. Participated in all phases of field data collcction
and interpration.

o 3-D COMPUTER MODELING, DEEP BASING PROJECT
WE•STERN UNITED STATES
U.S. AIR FORCE

Provided support to 3-D computer modeling project using MINPAK data bane to
characterize possible sites. Responsible for digitizing, plotting, and correlating
geologic cross sections for input into MINPAX to delineate subsurface structure and
lithology of 25 sites.



0 HIGH LEVEL WASTE REPOSITORY SITING
SOUTHEASTERN UNTMED STATES
OFFICE OF NUCLEAR WASTE ISOLATION

Collected and organized data from various geotechnical activities. Responsible for the
taunser of computer data to mgeic tape in effort to k record of all activity
conduc•ad in the field and office.

o HIGH LEVEL WASTE REPOSITORY SITING
SOUTHEASTERN UNITED STATES
OFFICE OF CRYSTALLINE REPOSITORY DEVELOPMENT

Collected and organized data from various gootechnical activities. Responsible for
transfer of computer data to magnetic tape, and management of the project data base.

None

fnlntonal ]~•ree

None

Profewianal OrMnI&RtUM

None

U.S.

oTobe"Prfml tnat Mede. m

Now To be submitted.



.MELVIN L TYK

Years of Experience

Senior Staff Geologist ProfessionaL: 6
Thu Earth Technology Corporation Environmental/Hazardous Waste: 2.5

OUALIFICATIONS SUMMARY

Mr. Iyree has experience in several areas of enviro..mental science and hazardous waste management
including environmental impact analysis, biological assessment, wetland delineation, monitoring well
installation and development, soil sampling and classification, groundwater and surface water sampling, and
land transfer assessments. In addition, he has assisted in the development of the Quality Assurance Plans
and Sampling and Analysis Plans of 2 NPL EPA sites (Aladdin Plating and Brown's Battery sites).

EDUCATION

B. A. Biology and Education, Marshall University, 1984
B. A. Geology and Anthropology, Marshall University, 1980

SELECTED TECHNICAL EXPERIENCE

o Principal Investigator, Earth Technology for Environmental Impact Statement (EIS) of the
BOMARC Missile Site, Wrightstown, NJ.

- Developed sampling methodology, supervised data collection and currently writing
the geological and biological sections.

o Earth Technology, project staff for Air Nation Guard Base, Burlington, VT Remedial
Investigation and Feasability Study (RI/FS)

Participated in monitoring well slug testing and groundwater sampling

o Earth Technology, project staff for Aladdin Plating Superfund Site, Scranton, PA (RI/FS)

Assisted in the compilation of the remedial Sampling and Analysis Plan (SAP) and
the Quality Assurance Project Plan (QAPJP). Participated in on-site soil and
groundwater sampling

o Earth Technology project staff for Browns Battery Superfund site, Reading PA (RIFFS)

Assisted in the development of the remedial (SAP) and participated in on-site
monitoring well sampling.

o Earth Technology, project staff for Tulsa Oklahoma Air Force Plant 3 (RI/FS)

Participated in soil gas survey of abondoned fuel line, classified soil boring samples
assisted in monitoring well development.



MELVIN L TYREE PACE 2

OTHER ENVIRONMENTAL AND HAZARDOUS WASTE MANAGEMENT!/ ECHNICAL
EXPERIENCE

o Environmental Scientist, STS Consultants, Chantilly, Virginia

Researched and wrote more than 15 land transfer assessments and performed
additional Phase 11 sampling and testing for commercial clients.

Performed wetland delineations and investigations (as per the Clean Water Act
section 404) for residential and commercial develoment clients.

- Performed geotechnical testing and investigations includign testing of: slope
stability, soil infiltration, soil dry density and moisture content.

0 Biology Teacher, King George County Schools, King George, Virginia

Developed and evaluated tests, exams and lab exercises. Lectured and planned
lessons and units. Calcualted semester and final grades.

o Field Archaeologist, University of Kentucky, Achaeology Institute, Lexington, Kentucky

Member of numerous archaeological field survey and excavation teams in the
investigation of precolumbian sites in Kentucky and Tennessee.

. CERTIFICAT[ONS

- OSHA/EPA 40 hour level B Health and Safety Certification

- OSHA 8 hour Hazardous Waste Supervisor's Certification

- Provisional Certificate for Secondary Level Teaching in Biology and General Science

- Washington Area Council of Engineering Laboratories Soils Level II Certification

First Aid and CPR, Certified, American Red Cross



C. Phillip Watts
Senior Geologist

The Earth Technology Corporation

B.S., Geology, James Madison University, 1982

Certified Professional Geologist, Virginia, Arizona

Phil Watts has 8 years of experience as a hydrogeologist in environmental consulting.
His responsibilities include: work plan development, subcontracting, field supervision
of subcontractors and multidisciplinary technical teams, development and onsite
management of the health and safety plans, data reduction, and report preparation. He
has expertise in hazardous waste site investigation, groundwater contamination studies,
groundwater monitoring programs, environmental auditing and environmental risk
assessments.

His relevant project experience includes:

"* Currently Project Manager of the Phase II IRP studies at the BOMARC Missile
Site, McGuire AFB, New Jersey. This $2.8 million project includes an RI/FS and
an EIS. Contaminants of concern are radionuclides. Contaminant migration
through air, soil, groundwater, surface water, and sediment is under evaluation.

"* Currently Project Manager of an RI/FS at an inactive battery reclamation facility
in Pennsylvania. The project is being conducted under the U.S. EPA Region III
ARCs contract.

"* Managed and participated in seven RI/FS studies under contract to the U.S. Army
Corps of Engineers and the U.S. EPA. Duties included supervision of design and
installation of groundwater monitoring systems, design of integrated
hydrogeological investigations including geological and logging of boreholes, test
pitting, surface geophysical surveys, aquifer testing, soil gas analysis, groundwater
sampling and analysis, and data reduction/interpretation. Supervised
-subcontractors and sampling teams in the field.

"* Provided key support to EPA OERR in developing the Field Analytical Screening
Project (FASP), including participation in design of mobile analytical laboratories
and drafting of Data Quality Objectives for field chemical analysis.



"" Conducted environmental audits and prepared risk assessments for commercial
hazardous waste treatment, storage, and disposal facilities.

"* Performed site evaluations, provided strategic advice, and designed and managed
the installation of a groundwater monitoring system for a multiple property
acquisition by a major agribusiness.

"* Prepared draft "Data Quality Objectives for Preremedial Site Investigations" for
EPA's Hazardous Site Evaluation Division.

"* Directed excavation/removal and field analysis of soil samples for a major PCB
remediation project in Alaska.

"* Designed and installed a groundwater monitoring system for a gasoline pipeline
terminal storage facility belonging to a major oil company.



D. Jay Wilburn
THE EARTH TECHNOLOGY CORPORATION

Fields of Camue•ftn=

Hydrogeologic and geotechnical investigations of hazardous waste sites; Remedial Investigations
and Feasibility Studies of Hazardous waste sites; Environmental site assessments of potential
hazardous waste sites.

Eacdriece Sumary

Prepared for a remedial investigation of an Air Force manufacturing plant in Tucson, AZ.
Activities included the development of a workplan, a quality assurance project plan, and a health
and safety plan.

Participated in two RCRA Facility Assessments of pipe foundries in Alabama. Activities
included researching and writing the facility description sections of the report.

Collected contaminated soil and surface water samples at an Air Force Plant in NY in addition
to giving geologic support throughout the project.

Collected contaminated soil, sediment, surface water, and groundwater samples at an Air
* National Guard Base in VT as part of an Installation Restoration Program (RI/FS).

Responsibilities included soil logging and overseeing the installation of boreholes, and shallow
and deep groundwater wells.

Completed geophysical surveys at an Air Force Facility as part of an Installation Restoration
Program RIFS).

B.A., Geology - Albion College (1987)
M. En., Environmental Geology - Miami University (1989)

Employment MAWor

January, 1989-Present

Staff geologist on a remedial investigation/feasibility study on a plutonium contaminated Air
Force Facility in New Jersey.

Staff geologist on an environmental site assessment of two private facilities in Alabama.

. Staff geologist on a remedial investigation/feasibility study at an United States Air Force facility
in Vermont.



NEIL E. BOTTS

University of California at Santa Barbara: B.A., Geology (1982)

PROFESSIONAL SUMMARY

Mr. Botts is an experienced project manager, with expertise in quality
management, hydrogeology, and geology, particularly in environmental
applications. He has been responsible for project management of several U.S.
Air Force Installation Restoration Projects (IRP) as well as for quality
assurance and quality control management and compliance for U.S. EPA Superfund
Projects. These projects have included remedial investigations, feasibility
studies, and environmental impact statements. Mr. Botts has extensive training
in uncontrolled hazardous-waste-site entry and auditing activities.

PROFESSIONAL EXPERIENCE

Science Applications International Corporation, Golden, Colorado
(1989 - present)

Mr. Botts is the Principal Investigator for installation restoration activities
(IRP) at Air Force installations in the states of New Jersey and Washington,
where the pollutants of concern include plutonium, PCBs, POLs, and chlorinated
solvents.

* As Principal Investigator, Mr. Botts has been responsible for management of
these two projects, planning, budgeting, technical direction, field operations,
data analysis, and preparation of project reports, including both an
Environmental Impact Statement (EIS) and Remedial Investigation/Feasibility
Study on the New Jersey mixed waste site. Mr. Botts' current assignment is
integrating on the Fairchild AFB IRP effort into compliance with CERCLA guidance
at a Superfund Site in the State of Washington.

Battelle Memorial Institute, Golden, Colorado
(1987 - 1989)

Mr. Botts was the Project Manager for four IRP tasks issued by the U.S. Air
Force Occupational and Environmental Health Laboratory. These installations
were in the states of Washington and New Jersey. Major objectives comprised
planning and conducting remedial investigations and feasibility studies at these
installations and preparing an environmental impact statement for a plutonium-
contaminated facility. Additionally, Mr. Botts prepared Quality Assurance plans
for five Air Force installations under the IRP contract. This required
extensive contact with laboratory and technical personnel to ensure compliance
with site specific ARARs.
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Camp, Dresser, & McKee, Inc., San Francisco, California
(1986 - 1987)

As Quality Assurance Coordinator, Mr. Botts wrote, reviewed, and approved
uality Assurance Project Plans for the Region 9 USEPA REM II Project
California, Arizona, and Nevada). He was also responsible for monitoring

project activities to verify compliance with project operation plans and
performing routine system and procedure audits for each work assignment.

Accord Consultants, Lakewood, Colorado
(1982 - 1986)

Mr. Botts was involved in several environmental and energy development-related
projects. His responsibilities as staff scientist included permit compliance
and supervision of well drilling, construction, and sampling.

ADDITIONAL EDUCATION

OSHA Hazardous Waste Site Health and Safety Refresher Course, 1989 (8 hours)
OSHA Hazardous Waste Site Health and Safety Course, 1986 (40 hours)

O PROFESSIONAL AFFILIATIONS AND CERTIFICATIONS

Registered Professional Geologist, Delaware #467
Registered Professional Geologist, California (pending)
Association of Groundwater Scientists and Engineers
National Water Well Association
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MARK E. BYRNES

Portland State University, Oregon: M.S. Geology (1985)
University of Colorado, Boulder: B.A., Geology (1981)

PROFESSIONAL SUMMARY

Mr. Byrnes has experience in assessing soil, sediment, surface-water,
groundwater, air, and building foundation contamination problems throughout many
parts of the United States and Guam. He is knowledgeable in vapor-, produc-
tion-, and monitoring-well installation using auger and rotary-type drilling
techniques. He has experience in overseeing the installaio'n of landfill gas-
migration probes and in performing landfill gas-stream characterization and
ambient air monitoring tests. Mr. Byrnes has experience working in both
chemical (including mustard gas and its breakdown products) and radioactive
environments.

PROFESSIONAL EXPERIENCE

Science Applications International Corporation, Golden, Colorado
(1989 - present)

Mr. Byrnes is the Principal Investigator of a soil, sediment, surface water,
and groundwater quality assessment study performed at Vandenberg AFB,
California. This study was performed around abandoned missile silos, landfills,
service stations, an entomology wash rack, fuel tank farm and fuel

* decontamination facility. In this investigation, he was responsible for
overseeing: the installation, development, purging, and sampling of 71
groundwater monitoring wells; the drilling of four 200-foot coreholes and five
300-foot rotary boreholes; the magnetic and electromagnetic geophysical
surveying of a number of Base landfills; the running of pump tests in two deep
aquifer monitoring wells; the soil-gas surveying of 35 sites with the OVA and
two sites using the Petrex method; and the collection of 478 deep soil, 227
shallow soil/sediment, and 18 surface water samples. Mr. Byrnes is the
principal author of the Vandenberg AFB, Stage 1, Main Report.

Mr. Byrnes is responsible for overseeing the preparation and execution of an
air monitoring test plan for the Sanitary Landfill at Vandenberg AFB,
California. The purpose of this study is to test the quality of the air moving
across and through the landfill. This was achieved by running a gas stream
characterization, gas migration, and ambient air monitoring study. The gas
stream air immediately above the landfill was tested using an integrated surface
sampling device. The gas migration study tested the quality of the air moving
through the landfill and required the installation of four gas-migration probes.
Finally, the ambient air quality was tested seven feet above ground surface both
upwind and downwind of the landfill. Mr. Byrnes is also responsible for
overseeing the preparation of the Final Report for this study.
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Mr. Byrnes is presently the Field Manager for an environmental investigation
at Hill AFB, Utah. This investigation requires the sampling of soil-gas, and
lake sediment as well as the installation of nine groundwater monitoring wells
around two sites on the National Priority List.

Mr. Byrnes is presently the Field Manager for an environmental investigation
at the Utah Test and Training Range. This investigation requires the collection
of surface soil samples from an unexploded ordnance burn pit, and the soil-
gas surveying and deep soil sampling around an abandoned chemical pit.

Battelle Memorial Institute, Denver, Colorado
(1986 - 1989)

Mr. Byrnes was a Field Manager for a recent environmental investigation
performed at the BOMARC missile site at McGuire AFB, New Jersey and was
responsible for overseeing the collection of ambient air, concrete, shallow
soil, sediment, and dust samples in a low-level radioactive environment. The
objective of this investigation was to determine the extent of radioactive
plutonium and americium contamination in and around a missile shelter which
caught fire in 1960. Mr. Byrnes is the co-author of the BOMARC environmental
report.

* Mr. Byrnes was a member of the field team that investigated the soil, sediment,
and surface water quality around a number of facilities at Malmstrom AFB,
Montana. An auger drill rig was used in this investigation along with a
split-spoon sampler and California Barrel sampler for the collection of deep
soil samples. Soil samples were screened with an Organic Vapor Analyzer (OVA)
immediately after removal from the borehole. Samples revealing high
concentrations of organic vapors were selected and prepared for chemical
analysis. Shallow soil cores and sediment and surface water samples also were
collected from drainages leaving suspect sites.

Mr. Byrnes was a Field Manager of the soil and groundwater quality assessment
study performed at Anderson AFB, Guam. In this investigation, he was
responsible for overseeing the installation of three 500-foot groundwater
monitoring wells, as well as the colltu'Lion of a number of _hallow soil-core
samples. In addition, Mr. Byrnes oversaw the collection of deep soil samples
from 20 landfill test pits. Other responsibilities on this job included
planning work schedules, setting up sample logbooks and instrument calibration
logbooks, and ordering equipment.

Mr. Byrnes was a member of the Battelle field team that collected concrete
foundation core samples, below-foundation soil core samples, paint scraping
samples, and storage tank wipe samples from a building at the Rocky Mountain
Arsenal known to be contaminated by mustard gas and its breakdown products.
This work was all performed in Army Level A protective clothing. Mr. Byrnes
was a co-author of the Main Report for this study.
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Riedel Environmental Services, El Segundo, California
(1986 - 1986)

As an Environmental Geologist, Mr. Byrnes was responsible for installing vapor,
production, and groundwater monitoring wells; water and hydrocarbon sampling;
adjusting single and duel pump product recovery systems; running step drawdown
well tests; and drafting and minor report writing.

AWARDS AND HONORS

Thesis Funded by Union 76, Shell Western, and Marathon Oil Companies

PUBLICATIONS

Yoong, Matt; Byrnes, Mark E.; Nelson, R. Wayne; McNeill, William. 1990.
Vandenberg Air Force Base, California, Installation Restoration Program,
Solid Waste Air Quality Assessment Test Report, Contract No. F33615-85-
D-4507, Task Order 16 (awaiting Air Force approval for release).

Collins, Donna; Byrnes, Mark E.; DiGregorio, Greg; Olsen, Catherine. (First
Draft soon to be released). McGuire Air Force Base, New Jersey,
Installation Restoration Program, Stage 2 (RI/FS), Contract No, F33615-
85-D-4507, Task Order 21.

Byrnes, Mdrk E.; Moore, James H.; Nelson, R. Wayne; Dwyer, John R.; McNeill,
William; Charles, Robert J.; Jones, Sandra L.; Huggins, Eve M.; Shafer,
Matthew M.G.; and Randall, Rotha A. 1990. Vandenberg Air Force Base,
California, Installation Restoration Program, Stage 1 (Remedial
Investigation), Contract No. F33615-85-D-4507, Task Order 16, (awaiting
Air Force approval for release).

Marks, Janet E.; Deignan, Timothy M.; Byrnes, Mark E.; Nelson, R. Wayne. 1988.
Vandenberg Air Force Base, California, Installation Restoration Program,
Geophysical Survey of Underground Fuel Storage Tanks, Contract NO. F33615-
85-D-4507, Task Order 19, December.

Byrnes, Mark E.; Nelson, R. Wayne; La Poe, Robert G.; Lundquist, Dennis E.;
McNeill, William, (Pending Air Force Approval). Complementary
Investigative Techniques For Accurate Site Assessment with Low-Level
Contaminants. Groundwater Monitoring Review.

Byrnes, Mark E., 1985. Provenance Study of Eocene Sedimentary Rocks in
Southwest and Central Washington. GSA Cordilleran Section Meeting, May
8-11, Vancouver, B.C.
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Byrnes, Mark E., 1985. Petrographic and Geochemical Analysis of Late Eocene
Arkosic Sandstone Deposits in Southwest and Central Washington with
Emphasis on Determining Provenance. Proceeding of the Oregon Academy of
Science, V.21, Ashland, OR.

Byrnes, Mark E., 1984. Petrographic and Geochemical Analysis of Late Eocene
Arkosic Sandstone Deposits in Southwest and Central Washington. Northwest
Mining Association Convention, Dec. 6-8, Spokane, WA.
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DONNA BISHOP COLLINS

Colorado State University: B.S., Geology (1974)

PROFESSIONAL SUMMARY

Ms. Collins has multidisciplinary experience in geology, specializing in
hazardous-waste investigations and mineral -resource assessments. Her background
includes project procurement and leadership on government contracts; environmen-

W.•1 assessment of hazardous waste sites, including plutonium and depleted
uranium-contaminated sites; field and research studies on mineral deposits, with
emphasis on uranium deposits; studies on ground-water quality; studies on
geochemistry of ground water and surface water; and facility siting studies.
Clients have included private sector firms and State and Federal agencies.
Ms. Collins has written and edited numerous reports for the U.S. Air Force, U.S.
Army, U.S. Department of Energy, U.S. Geological Survey, U.S. Bureau of Land
Management, U.S. Forest Service, Colorado Department of Natural Resources, and
Colorado Geological Survey.

PROFESSIONAL EXPERIENCE

Science Applications International Corporation, Golden, Colorado
(1989 - present)

Ms. Collins is managing a combined RI/FS and Environmental Impact Statement
(EIS) program at the BOMARC Missile Site at McGuire AFB, NJ, where site
assessments with extensive sampling and monitoring are being conducted to
determine environmental releases of plutonium and americium from this site.
Ms. Collins participated in a study for the U.S. Army to investigate the
environmental and health effects associated with the use of kinetic energy
penetrators composed of depleted uranium and/or tungsten by the Army. She
serves as a field team member for site assessments, monitor well installation,
and environmental sampling programs, as needed.

Ms. Collins serves as the Health and Safety Manager for the Environmental
Remediation Division, providing emphasis on recognizing, evaluating, and
preventing or controlling occupational health hazards. She prepares and reviews
project Health and Safety Plans in accordance with OSHA requirements and
guidance. She institutes use of, and ensures field compliance with, the health
and safety plans. She coordinates health and safety issues, training, reports,
and medical monitoring programs. Ms. Collins is an American Red Cross
instructor, and provides training in First Aid, Cardiopulmonary Resuscitation,
and Basic Life Support for the Professional Rescuer.
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Ms. Collins is a staff leader, supervising technical staff within the Division.
She monitors work performance of those staff members to provide guidance and
assure work quality. She conducts performance reviews; plans, recommends, and
ensures timeliness of staff training and medical surveillance; coordinates with
other supervisors and project managers to ensure project work commitments; and
functions as liaison to upper-level management.

Battelle Memorial Institute, Denver, Colorado
(1987 - 1989)

Ms. Collins conducted environmental and hydrogeological assessments of hazardous
waste sites under the Installation Restoration Program for USAF installations
in Guam, New Jersey, California, Washington, and Montana, incorporating CERCLA,
SARA, and NEPA guidance. She participated in site assessments, monitor well
installation, and environment sampling programs. She is experienced in report
and document preparation and editing, including RI/FS Final Reports, Work Plans,
Quality Assurance Project Plans, Health and Safety Plans, and Technical
Documents to Support No Further Action (Records of Decision).

Consulting Geologist, Arvada, Colorado

* As a consulting geologist, Ms. Collins provided contract services in diverse
capacities. She conducted environmental and hydrogeological assessments for
Battelle Memorial Institute (see separate listing); conducted educational
programs for clients such as Jefferson County (Colorado) Schools and the Denver
Museum of Natural History; performed research and preparation of technical
manuscripts for Renaissance House Publishers; and performed meeting and field
trip planning and field guide preparation for the American Institute of
Professional Geologists.

Colorado Geological Survey, Denver, Colorado
(1977 - 1985)

As a Project Geologist, Ms. Collins managed projects dealing primarily with
the mineral resources of Colorado. She evaluated the uranium potential of
extensive parts of Colorado for the U.S. Department of Energy. In addition,
she participated in geological engineering site selection and groundwater
studies. She managed, coordinated, and implemented office and field activities,
wrote proposals, hired and supervised personnel, managed field crews and support
staff, conducted field studies, handled budgeting and accounting, maintained
equipment, compiled progress reports, and prepared final reports. She provided
technical evaluation and reviews of proposed Federal Wilderness withdrawals,
and performed peer review on other State and Federal publications. She handled
inquiries from the public and various local, State, and Federal agencies. Ms.
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Collins represented the Agency as mineral resource director at investigations
and conferences.

U.S. Geological Survey, Lakewood, Colorado
(1975 - 1977)

Ms. Collins researched geochemical prospecting for uranium using surface water,
stream sediments, and organic sediments. She conducted extensive water and
sediment sampling programs in the field, and prepared samples for analysis.
She performed radiometric analyses using gamma spectrometry. She also identified
anomalous analyses, performed statistical calculations, and prepared technical
reports.

ADDITIONAL EDUCATION

American Red Cross Certification, 1990:
Advanced First Aid, Instructor Level
Standard First Aid, Instructor Level
Cardiovascular Pulmonary Resuscitation (CPR), Instructor Level
CPR-Basic Life Support for the Professional Rescuer, Instructor Level

OSHA Hazardous Waste Site Supervisor Course, 1988 (8 hours)
* OSHA Hazardous Waste Site Health and Safety Course, 1988 (40 hours)

University of Colorado, Denver: Graduate Studies, Business, 1983-1985
Colorado School of Mines: Graduate Studies, Geology, 1975-1980

AWARDS AND HONORS

AIPG Distinguished Service Award, 1988
Listed in Who's Who in the West, 20th Edition ,1985-86
Listed in Who's Who of American Women, 13th Edition, 1983-84

PROFESSIONAL AFFILIATIONS AND CERTIFICATIONS

Certified Professional Geologist (CPG 4813), 1980, American Institute of
Professional Geologists

Registered Geologist, Delaware 1990, Delaware State Board of Registration of
Geologists, (pending)
Member, American Institute of Professional Geologists
Member, Geological Society of America
Member, Rocky Mountain Association of Geologists.
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PUBLICATIONS

Ms. Collins is the author or co-author of over twenty technical publications.

Collins, D. B. and Botts, N. E., 1990. Installation Restoration Program, Stage
2, Health and Safety Plan for Fairchild Air Force Base, Washington. U.S.
Air Force Human Systems Division (USAF HSD), 86 p., appendices.

Botts, N. E., Collins, D. B. and others, 1990. Installation Restoration
Program, Stage 2, Work Plan for Fairchild Air Force Base, Washington.
USAFHSD, 199 p.

McNeill, N. W., Collins, D. B. and others, 1989. Kinetic energy penetrators -
environmental considerations. U.S. Army Production Base Modernization
Activity, 102, p., appendices.

Botts, N.E., Collins D. B., and others. 1989. Installation Restoration
Program, Stage 2, Work Plan for the BOMARC Missile Site, McGuire Air Force
Base, New Jersey: U.S. Air Force Occupational and Environmental Health
Laboratory, Technical Services Division (USAFOEHL/TS), 120 p., appendices.

Collins, D.B., N.E. Botts, and others. 1989. Installation Restoration Program,
Stage 2, Health and Safety Plan for the BOMARC Missile Site, McGuire AFB,
New Jersey: USAFOEHL/TS, 116 p., appendices.

Collins, D. B. and Botts, N. E., 1988. Installation Restoration Program,
Technical Documents to Support No Further Action, Fairchild Air Force Base,
Washington. USAFOEHL/TS.

Collins, D. B., 1988. Colorado Day Trips. Colorado Traveler Series,
Renaissance House, Frederick, Colorado, 48 p.

Botts, N. E., Collins, D. B., Dwyer, J. R. McNeill, W. Woods, C. A., 1988.
Installation Restoration Program, Stage 2, Work Plan, Work Plan for
Andersen Air Force Base, Guam. USAFOEHL/TS, 196 p.

Botts, N. E. Collins, D. B., McNeill, W., 1988. Installation Restoration
Program, Quality Assurance Project Plan, Andersen Air Force Base, Guam.
USAFOEHL/TS, 153 p.

Botts, N.E., D.B. Collins, and W. McNeill. 1988. Quality Assurance Project
Plan, Vandenberg AFB, California: USAFOEHL/TS, 170 p.

McNeill, W., M. Bergstrom, D.B. Collins, and others. 1988. Installation
Restoration Program, Phase II, Stage I Final Report for Andersen Air Force
Base, Guam: USAFOEHL/TS, 272 p., appendices.
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Collins, D. B., 1987. Natural Sites, A Guide to Colorado's Natural Wonders.
Colorado Traveler Series, Renaissance House, Frederick, Colorado, 48p.

Collins, D. B. Collins, D. S. 1986. Scenic Trips into Colorado Geology: Lake
Country--Keystone, Dillon, Silverthorne, Frisco, Copper Mountain,
Leadville, Red Cliff, Minturn, Vail. 41 p., map, road log (published for
the American Institute of Professional Geologists, 1986 Annual National
Meeting, post-meeting Field Trip).

Collins, D. B. and Hornbaker, A. L., 1985. Mineralized areas of Colorado.
Colorado Geological Survey Report, tables, map.

Collins, D. B., 1985. Scenic Trips into Colorado Geology: Uncompahgre Plateau-
-Montrose, Ridgway, Norwood, Naturita, Uravan, Gateway, Delta. Colorado
Geological Survey Special Publication 27, map, road log.

"nigers, W.P., R.M. Kirkham, D.B. Collins, and K. Crouch. 1985. Suitability of
the Pierre Shale in Eastern Colorado as a Tunneled Bedrock Site for the
SSC Research Facility: Colorado Geological Survey (CGS) Open-File Report
05-2, 24 p., plates.

Collins, D. B. and Collins, D. S., 1984. A Colorado-Wyoming border diatreme
and a potential kimberlite indicator plant. Mountain Geologist, v. 21,
no. P. 68-71.

Collins, D.B., D.C. Graham, and A.L. Hornbaker. 1982. National Uranium
Resource Evaluation, Leadville Quadrangle, Colorado: U.S. Department of
Energy Open-File Report PGJ/F-027(82), 81 p.

Repplier, F.N., F.C. Healy, D.B. Collins, and P.A. Longmire. 1981. Atlas of
Ground Water Quality in Colorado: CGS Map Series 16.

Schwochow, S. D., Boreck, D. L., and Collins, D. B., 1979. The Colorado
Geological Survey and the mineral industry--energy resourcce development.
Mines Magazine, v. 69, no. 5, p. 5-9.

Nelson-Moore, J.L., D.B. Collins, and A.L. Hornbaker. 1978. Radioactive
mineral occurrences of Colorado with bibliography: Colorado Geological
Survey Bulletin 40, 1054 p., plates.

Wenrich-Verbeek, K. J., Collins, D. B., and Felmlee, J. K. , 1977. Bibliography
of uranium and daughter products in water and associated sediments. U.S.
Geological Survey Open-File Report 77-82, 139 p.
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WILLIAM E. DAVIS, Research Scientist
Atmospheric Dynamics and Transport Section
Atmospheric Sciences Department

Education

B.A. Mathematics, College of Great Falls, Montana 1963
M.S. Atmospheric Physics, Colorado State University 1965
M.S. Chemical Engineering, University of Washington 1986

Graduate Study, Atmospheric Sciences,
University of Washington 1966-70

Experience

Mr. Davis has been a member of the Battelle Staff since 1965. During
this period he has worked as an individual technical contributor, a member of
an interdisciplinary research team, a project director for field experiments,
and a project manager. Mr. Davis' areas of expertise include research planning
and organization, applied studies of three-dimensional air motions in the

* vicinity of synoptic scale storms, acid rain, and numerical studies of meso-
scale and long-range transport. He has also performed studies in wind energy
and solar energy. He has made significant contributions to the following
projects:

"*Long-Range Transport. Since 1982, Mr. Davis has led in developing
techniques for examining long-range transport. He is developing techniques
for evaluating source/receptor relationships. He led the team for
computing the intercontinental transport of the debris from the Chernobyl
accident.

" Mesoscale Transport. Since 1986, Mr. Davis has led work in producing
mesoscale transport, diffusion, and deposition. Techniques developed are
being applied to emergency response for nuclear accidents.

" Acid Rain. Present mQdeling work includes examining the effects of
vertical motion on SO- wet deposition. During 1985, Mr. Davis was field
director for an acid fain field study that included aircraft and surface
measurements for the PRECP program. His work on evaluation of PRECP
results during 1987 has been directed toward the calculation of scavenging
ratios. In earlier projects, Mr. Davis tested er-Trs in use of single-
layer winds in long-range transport models. In 19M and 1981, he applied
a multilayer model to the problem of acid rain in the vicinity of frontal
storms. The model was developed in a modular form to test parameterization
of in-cloud conversion and below-cloud scavenging. The transport portion
of the model was developed during his earlier work investigating transport
errors that occur in using single-layer models to describe flow in frontal
storm situations.
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WILLIAM E. DAVIS (continued)

" Solar Energy. Mr. Davis developed a data base for the graphical display
of solar energy in the United States.

"* Wind Enery. In 1983 Mr. Davis took part in a study of eigenvector
extrapolation of short-term wind measurement to the long term. This was
for use in wind energy prospecting.

"* Ballistics. Mr. Davis worked on and developed a technique for improving
meteorological information usage to minimize ballistic errors in the upper
stratosphere.

"* Oil Shale. In 1981 Mr. Davis was involved in determining new techniques
for describing regional transport in complex terrain.

" Regional Studies. During 1980, Mr. Davis led a team developing new
techniques for regional assessment work. These new techniques have been
demonstrated to reduce the cost of assessments by a factor of six. The
same project developed a data bank of assessments that can be used in
future assessment studies.

" Light Water Reactor Studies. Mr. Davis provided technical assistance to
the study of macroscale transport and deposition with respect to a proposed
fuel rod recycling plant. From 1977 to 1979, Mr. Davis had the
responsibility of providing air concentrations and surface deposition
patterns for four proposed sites. He also prepared a document for users
of a computer program used for macroscale transport and diffusion of
radioactive pollutants.

" Precipitation Scavenging. From 1969 to 1975, Mr. Davis assisted in
developing a model to describe in-cloud scavenging. This model was applied
to the results of Battelle field studies designed to evaluate in-cloud
scavenging. Mr. Davis was field director for one of the 1973 studies.

" Fallout Studies. During the period 1965 to 1970, Mr. Davis studied
mesoscale and macroscale three-dimensional flows affecting the transport
and deposition of radioactive fallout. During this period, he developed
a computer program to calculate stream functions from surface data in order
to estimate low-level flow and studied diabatic effects that could alter
surface mixing patterns. He provided the post-trajectory analysis of
the path of the debris from the nuclear test shot Cabriolet in 1968.

" Stratospheric Transport. During the period of 1963 to 1965, Mr. Davis
studied adiabatic transport processes in the stratosphere, in particular,
the intercontinental transport of radioactive material from Russian nuclear
tests.
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Professional Affiliation

American Meteorological Society
Link Foundation Fellow

0
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WILLIAM E. DAVIS

Publications

Goldman, M, R. J. Catlin, L. Anspaugh, R. G. Cuddihy, W. E. Davis, et al.
1987. Health and Environmental Consequences of the Chernobyl Nuclear Power
Plant Accident. DOE/ER-0332, National Technical Information Service,
Springfield, Virginia.

Olsen, A. R., W. E. Davis, B. T. Didier, J. K. Soldat, B. A. Napier and R. A.
Peloquin. 1987. MLAM Assessment of Air Concentration. Deposition, and Dose
for Chernobyl Reactor Accident. PNL-X-770, Pacific Northwest Laboratory,
Richiand, Washington.

Ramsdell, J. V., J. M. Hubbe, G. F. Athey and W. E. Davis. 1987. Mesorad
Dost Assessment of the Chernobyl Reactor Accident. PNL-X-769, PacifTc
Northwest Laboratory, Richland, Washington.

Soldat, J. K., W. E. Davis, B. A. Napier, A. R. Olsen, B. T. Didier and R. A.
Peloquin. 1987. Collective Radiation Doses from the Chernobyl Reactor
Accident Calculated from an Atmospheric Dispersion and Deposition Model.
PNL-X-768, Pacific Northwest Laboratory, Richland, Washington.

Davis, W. E., and C. S. Glantz. 1986. "A Comparison of a Multilayer Regional-
Scale Acid Rain Assessment Model (MLRAPT) with a Single-Layer Assessment
Model, RAPT." Water. Air and Soil Pollution 30:857-866.

Davis, W. E., A. R. Olsen, B. T. Didier and D. W. Damschen. 1986. "A
Comparison of Meso-Alpha MLAM Model Results with Observations from CAPTEX."
In Proceedings of the Fifth Joint Conference on Applications of Air Pollution
Meteoroloqy with APCA, pp. 69-72. November 18-21, 1986, Chapel Hill,
North Carolina.

Davis, W. E., A. R. Olsen, B. T. Didier, P. E. Tucker and D. W. Damschen.
1986. Surface Footprint from Initial Chernobyl Release as Indicated by the
Meso-Alpha MLAM Model. PNL-X-767, Pacific Northwest Laboratory, Richland,
Washington.

Barchet, W. R., and W. E. Davis. 1984. A Weather Pattern'Climatology of the
United States. PNL-4889, Pacific Northwest Laboratory, Richland, Washington.

Davis, W. E. 1984. "The Effect of Vertical Wind Shear on Regional-Scale
Trajectories in Near-Frontal Conditions." In Proceedings of the Fourth Joint
Conference on Applications of Air Pollution Meteorology, pp. 204-207.
American Meteorological Society, Boston, Massachusetts.

Davis, W. E., and P. E. Tucker. 1984. Mean Maximum Mixing Heights for Northern
Asia for the Winter of 1978. PNL-5198, Pacific Northwest Laboratory,
Richland, Washington.

* Barchet, W. R., and W. E. Davis. 1983. Estimating Long-Term Mean Winds From
Short-Term Wind Data. PNL-4785, Pacific Northwest Laboratory, Richland,
Washington.



Berkowitz, C. M., W. E. Davis and D. Knudson. 1983. "Potential Trajectory
* Errors in Single-Layer Wind Fields." Paper appearing in The Meteorology of

Acid Deposition, ed. P. Samson, pp. 290-301. Air Pollution Control
Association, Hartford, Connecticut.

Davis, W. E. 1983. "A Comparison of the Regional Scale Effects on In-Cloud
Conversion of S02 to S0 in an Eight Layer Diabatic Model With a Single Layer
Model." In Air Pollution Modeling and Its Application, II, ed.
G. DeWispelaere, pp. 159-174. Plenum Press, New York.

Davis, W. E. 1983. "An Intercomparison of the Washout of S04 From a Single-
Layer Regional Transport Model With a Multilayer Vertical-Motion Regional
Transport Model." In Proceedings of Precipitation Scavenging, Dry Deposition,
and Resuspension, pp. 663-673. Elsevier Pub., New York, New York.

Bander, T. J., and W. E. Davis. 1982. The Use of the Fallout Meteorological
Message for High Altitude Ballistic Trajectories. ASL-CR-82-0100-2, U.S. Army
Electronics Research and Development Command Atmospheric Sciences Laboratory,
White Sands, New Mexico.

Barchet, W. R., and W. E. Davis. 1982. Assessment of Electric Power
Conservation and Supply Resources in the Pacific Northwest. Vol. 10 WIND.
Report to the Pacific Northwest Electric Power and Conservation Planning
Council, by Battelle, Pacific Northwest Laboratories, Richland, Washington.

Berkowitz, C. M., and W. E. Davis. 1982. Uncertainties Associated With
Layering Winds for Use in Trajectory Calculations. Technical Memorandum,
Pacific Northwest Laboratory, Richland, Washington.

Bomelburg, H. J., C. A. Counts, C. E. Cowan, W. E. Davis, J. G. DeSteese and
P. J. Pelto. 1982. LNG Annotated Bibliography. PNL-4401, Pacific Northwest
Laboratory, Richland, Washington.

Counts, C. A., H. J. Bomelburg, W. E. Davis, J. G. DeSteese, P. J. Pelto and
K. M. Vasutake. 1982. Survey of Significant U.S. and European Technical
Literature Pertinent to Safety at LNG and LPG Facilities. Prepared for
Mitsubishi Heavy Industries, Ltd., Tokyo, Japan, by Battelle, Pacific
Northwest Laboratories, Richland, Washington.

Davis, W. E. 1982. 'Preliminary Results of an Eight-Layer Regional Assessment
Model Applied to the Problem of Acid Rain." In Energy and Environmental
Chemistry - Acid Rain, ed. L. H. keith, pp. 287-294. Ann Arbor Science
Publishers, Ann Arbor, Michigan.

Drake, R. L., W. E. Davis, C. D. Whiteman and K. J. Allwine. 1982. The Green
River Ambient Model Assessment Program, September 1981 Progress Report for
Mesoscale Air quality Modeling. PNL-4060, Pacific Northwest Laboratory,
Richiand, Washington.

Drake, R. L., C. H. Huang and W. E. Davis. 1982. The Green River Ambient
Model Assessment Program, August 1981 Progress Report for the Regional and
Mesoscale Flow Modeling Components. PNL-3988, Pacific Northwest Laboratory,
Richland, Washington.



Droppo, J. G., J. Alwine and W. E. Davis. 1982. "A Computer Model for
Estimating Long-Term Wet and Dry Deposition of Particulates from Power Plant
Stacks." In Proceedings of the APCA PNWIS 1982 Annual General Meeting,
pp. 183-187. American Pollution Control Association.

Knudsen, D., M. Davis, J. Shannon, D. Sisterson, S. Viessman, M. W. Wesely,
R. Whitfield, L. Kleinman, C. Berkowitz and W. Davis. 1982. Preliminary
Evaluation of Acidic Deposition Assessment Uncertainties. Prepared for
U.S. Department of Energy by Argonne National Laboratory, Brookhaven National
Laboratory, and Pacific Northwest Laboratory.

Onishi, Y., S. B. Yabusaki, C. R. Cole, W. E. Davis and G. Whelan. 1982.
Multi-media Contaminant Environmental Exposure Assessment (MCEA) Methodology
for Coal-Fired Power Plants, Vol. 1 and 2. Prepared for the Rand Corporation,
by Battelle, Pacific Northwest Laboratories, Richland, Washington.

Davis, W. E. 1981. "A Comparison of Regional Scale Effects of In-Cloud
Conversion of S02 to SO0 in an Eight-Layer Diabatic Model With a Single-Layer
Model." In Proceedings of the 12th International Technical Meeting on Air
Pollution Modeling and Its Application, pp. 94-108. North Atlantic Treaty
Organization, Brussels, Belgium.

Laulainen, N. S., C. D. Whiteman, W. E. Davis and J. M. Thorp. 1981. "Mixing
Layer Growth and Background Air Quality Measurements Over the Colorado Oil
Shale Areas." In Preprints. Second Conference on Mountain Meteorology,
pp. 165-172. American Meteorological Society, Boston, Massachusetts.

* Eadie, W. J., W. E. Davis, W. F. Sandusky and R. H. Ball. 1980. "A New
Application of the PNL Long-Range Transport Model to Assess the Air Quality
Impacts of Fine Particles." In Proceedings of the Second Conference on
Industrial Air Pollution, pp. 291-294. American Meteorological Society,
Boston, Massachusetts.

Fox, T. D., W. E. Davis, W. J. Eadie, J. M. Thorp and D. J. NcNaughton. 1980.
Precipitation Griddings Computer Programs Sequence. PNL-3415, Pacific
Northwest Laboratory, Richland, Washington.

Davis, W. E. 1972. "A Model for In-Cloud Scavenging of Cosmogonic Radio-
nuclides." J. Geophys. Res. 77(12).



GREGORY D. DiGREGORID

University of Colorado: B.A., Geology (1984)

PROFESSIONAL SUMI4ARY

Mr. DiGregorio has experience in conducting geological and environmental
monitoring programs at hazardous waste sites. He is proficient in many aspects
of field work including well-site analysis, monitoring of drilling operations,
lithologic description and evaluation of drilled formations, preparation of well
and pressure logs, ground-water and surface-water sampling, and soil-gas surveys.
He has experience in computer applications, including well log and map digitizing
techniques.

PROFESSIONAL EXPERIENCE

Science Applications International Corporation, Golden, Colorado
(1989 - present)

Mr. DiGregorio is currently participating in the Stage B, Phase 2 studies, as
part of the Air Force Installation Restoration Program at Arnold AFB. He was
the Field Team Leader for all of the geological and environmental monitoring
conducted at the site. The field efforts included groundwater and surface-
water sampling, sediment and soil sampling, soil-gas surveys and aquifer pump
and slug tests. He was also the Field Team Leader for Stage A, Phase 2 studies
at Arnold, AFB. The field efforts included soil-gas surveys and the installation
of ground-water monitoring wells.

Mr. DiGregorio participated as the Field Team Leader in the Air Force
Installation Restoration Program at the Bomarc Missile Site, McGuire AFB. The
field efforts used in characterizing the site for Pu239 included concrete/asphalt
coring, wipe sampling, surface water sampling, sediment and soil sampling and
FIDLER surveys. Mr. DiGregorio used several alpha and gamma-ray detectors to
characterize the site and assure the health and safety of the field team.

Battelle Memorial Institute, Denver, Colorado
(1988 - 1989)

Mr. DiGregorio has participated in the Installation Restoration Program at Arnold
AFB, Tennessee. He researched the geologic characteristics of the site,
emphasizing groundwater flow. He also developed SOPs and protocols for the
onsite drilling effort and prepared the Quality Assurance Program Plan for site
investigation efforts.

SAIC
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El Corporation, Boulder, Colorado
(1986 - 1987)

Mr. DiGregorio interpreted and digitized oil and gas logs using Smartscan I.
He trained personnel on both Smartscan I (well log digitizing system) and
Smartscan II (map digitizing system), while assisting in quality assurance and
production performance.

EG&G Continental Laboratories, Houston, Texas
(1985 - 1986)

As a Well Site Analyst, Mr. DiGregorio monitored drilling operations to detect
and analyze hydrocarbons. He also provided lithologic description and evaluation
of drilled formations, prepared well and pressure logs, and supervised logging
units on the drilling platform.

IBM Corporation, Boulder, Colorado
(1984)

Mr. DiGregorio initiated and converted connections for remote computer systems
with the use of telephone lines and fiber optics. He programmed microcode for
various computer applications.

ADDITIONAL EDUCATION

CPR Training, 1989
OSHA Hazardous Waste Site Health and Safety Refresher Course, 1989 (8 hours)
OSHA Hazardous Waste Site Health and Safety Course, 1988 (40 hours)

PROFESSIONAL AFFILIATIONS AND CERTIFICATIONS

Registered Geologist in the State of Tennessee

SAIC
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REGINALD L. GOTCHY, Ph.D.

.DUC ATION

Ph.D.: Radiation Biology, Colorado State University (1968)
H.S.: Radiation Health, Colorado State University (1966)
B.S.: Zoology, minor in Chemistry, University of Washington (1958)
AEC Radiological Physics Fellow, University of Washington (1958-59)

WORK SUMMiARY

Dr. Gotchy is a Senior Scientist of the Technology Assessment Division within
SAIC's Energy Systems Group. His responsibilities include technical, regulatory
and policy guidance to the Department of Energy and it's contractors in safety,
environmental matters and emergency planning. Dr. Gotchy also provides technical
support to the Nuclear Regulatory Commission in health physics matters, SAIC
efforts involving the Radiation Exposure Information Reporting System (REIRS),
and a study of the feasibility of reducing current uncertainties in human risk
estimates from low dose, low dose-rate through the use of state-of-the-art
cellular and molecular radlobiology techniques. Other areas of support include
evaluation of ALARA programs, radiological and non-radiological impact
assessments for normal operations and accidents in LWRs and fuel cycle
facilities, emergency rcsponse planning, and health physics training and
development programs. His expertise in radiological and non-radiological health
risk assessment is nationally recognized, and he is certified by the American

* Board of Health Physics (1969-1993). His experience as an NRC Administrative
Judge (Technical) brings not only working knowledge of the NRC adjudicatory
process, but a broad technical knowledge of numerous NRC regulatory activities.

PROFESSIONAL EXPERIENCE

SAIC, 1986 - Present

Dr. Gotchy is the Principal Investigator for the NRC Radiation Exposure
Information Reporting System (REIRS) program which is responsible for collation
and reporting of occupational radiation exposure among NRC licensees (NUREG-0713
series), and an ongoing feasibility study to determine if state-of-the-art
cellular and molecular radiobiology techniques can reduce the current uncertainty
in estimating human risk from low dose, low dose-rate exposures. In 1989, he
completed an EA for the NRC addressing the potential environmental impacts of
the proposed license renewal of the Babcock and Wilcox Apollo Nuclear Services
Operation. He is currently the Principal Investigator responsible for developing
the radiological impact sections of an EIS for an inactive USAF BOMARC missile

Verified for accurac by*
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PROFESSIONAL EXPERIENCE (CONTINUED)

accident site which is being considered for decontamination of weapons grade
plutonium, and provided short-term health physics support at the site for RI/FS
efforts. Dr. Gotchy is also now providing technical and policy support for the
DOE New Production Reactor, the Superconducting Super Collider, the Advanced
Photon Source, and the ERAB review of a conceptual tritium production
accelerator. In 1988, he was a member of a select team to review the key safety
issues identified in the NRC's Systematic Evaluation Program and recent safety
appraisals of DOE reactors which could be relevant the DOE Advanced Test Reactor.
In 1988, he also worked as a radiological and licensing consultant on a potential
radiation source leakage problem at a medical supplies irradiator, providing
guidance on solutions to the problem to enable the company to continue operation
without having to shut down their entire facility. During the 1987 to 1989
period, Dr. Gotchy provided radiological sciences support regarding potential
risks from failure of plutonium-powered thermoelectric generators from accidents
during launch or reentry and responded to comments from reviewers of the final
draft of the NASA Galileo Mission EIS. He also established a technical and
management support contract with Commonwealth Electric for ongoing litigation
before the Federal Energy Regulatory Commission, providing technical personnel
to support CommElec's Washington attorneys as necessary. That successful effort
has now lead to an ongoing out-of-court settlement of the dispute. In 1988, he

* also headed the development of a new employee orientation course for the Nuclear
Regulatory Commission through the USDA Graduate School.

He was Principal Investigator for technical review and coordination of comments
from major DOE operations offices on the new DOE Order 6430.1A (General Design
Criteria for Nonreactor Nuclear Facilities), and has provided technical and
policy reviews of several other DOE projects (e.g., Savannah River Plant waste
sites draft EIS, Special Isotope Separation Project draft EIS, and the Feed
Material Production Center); reviewed documents for DOE policy implications in
several areas (BNL and LANL guidance for sitting and design of DOE non-reactor
nuclear facilities, numerous draft CIRRP fact sheets regarding federal regulation
of radiation protection of workers and the general public by NRC, EPA, and DOE,
etc.).

Dr. Gotchy has served as a peer reviewer of the SAIC methodology developed for
the Defense Nuclear Agency (DNA) for assessment of radiation doses to U.S.
military personnel participating in various exercises during numerous above
ground weapons tests in the U.S. and South Pacific, and will provide future
health physics support in the future under the continuing DNA contract.

Verified for accuracy by:
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PROFESSIONAL EXPERIENCE (CONTINUED)

From 1986 to 1987 he was responsible for licensing and NRC hearing training for
several hundred NNWSI Project participants, and served as a technical reviewer
for other NNWSI Project documents, such as the Regulatory Compliance Plan and
the Regulatory Document Manual.

Nuclear Regulatory Commission, 1981 - 1986

Prior to joining SAIC, Dr. Gotchy was employed as an Administrative Judge
(Technical), Atomic Safety and Licensing Appeal Panel for. the U.S. Nuclear
Regulatory Commission (NRC). He performed technical evaluations on over fifty
Atomic Safety and Licensing Board decisions concerning seismic design,
safety-related systems, quality assurance and quality control in reactor design,
construction and operation, radiological and non-radiological risk, emergency
planning, as low as reasonably achievable (ALARA) programs, steam generator
repairs, environmental qualifications, safety margins in as-built reactor
structures, systems and components, design basis accidents, probabilistic risk
assessment, ocean dumping of low level waste, environmental impacts of reactor
construction and operation, and other topics.

AEC/NRC, 1972-1981

As a Senior Radiobiologist, Dr. Gotchy was instrumental in the development of
NRC-regulatory guides dealing with environmental monitoring (Reg. Guide 4.2),
interim ALARA guidance for radioiodine releases from LWRs (Reg. Guide 1.42), and
preparation of environmental reports (Reg. Guide 4.1). He was a principal expert
witness at numerous NRC hearings involving the entire uranium fuel cycle
including the GESMO and Table S-3 (Part 51) rule makings, and individual LWR
licensing hearings dealing with the potential public health impacts of radon
released from uranium mining and milling, the comparative long-term health risks
of the coal and nuclear fuel cycles, Appendix I (Part 50) ALARA assessments, and
radiological and nonradiological risk assessments. He established and directed
the NRc's public whole body counting program following the ThI-2 accident, and
provided briefings to the news media, general public and local physicians on the
potential health risk associated with the radioactive releases during and after
the accident.

Plowshare Office, USAEC (Nevada Operations Office), 1969 - 1972

As a Physical Scientist, Dr. Gotchy prepared and presented technical risk
assessments and briefings to the AEC Plowshare Advisory Committee, Governor of
Colorado's Advisory Committee, and Director, AEC Plowshare Office. He also
directed rad-safe contractors at the Nevada Test Site, and at a Colorado natural

Verified for accuracy by:
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PROFESSIONAL EXPERIENCE (CONTINUED)

gas experiment (Project Rulison) during demonstration tests and site
decontamination and decommissioning. He developed emergency evacuation plans
and portable computer techniques for radiological dose projections (Project Rio
Blanco). In addition, he coordinated final reviews and publication of the
Presidential Report on the Interoceanic Canal Study.

Reynolds Electrical & Engineering Company (Nevada Test Site), 1968 - 1969

While employed as a Senior Health Physicist with Reynolds Electrical &
Engineering Company, Dr. Gotchy reviewed the Nevada Test Site (NTS) respiratory
protection program, and demonstrated the cost/effective re-use of activated
charcoal respirator canisters (cost savings of several hundred thousand dollars
over a period of a few years). He was also responsible for coordinating REECo's
technical activities in support of the AEC Plowshare program at NTS and
elsewhere. While with REECo, he prepared several radiological assessments of
potential Plowshare projects in oil shale, natural gas reservoirs, and in situ
mineral recovery.

Colorado State University, 1965-1968

While completing doctoral requirements, Dr. Gotchy conducted AEC funded research
on relationships between radon (and short-lived progeny) exposures of uranium
miners and levels of long-lived progeny in bioassay samples. He worked as part
of a multi-disciplinary team of scientists to develop methods of monitoring
exposures to radon and its short-lived progeny.

Lawrence Radiation Laboratory (Nevada Test Site (NTS)), 1962 - 1965

Dr. Gotchy was a health and safety engineer in support of the AEC weapons testing
and development program. In addition to post-shot radiological safety support
for LRL tests, he was responsible for systems designs for remote radiation
monitoring systems and for developing the systems and methods for estimating
releases of radioactivity in accordance with the limited nuclear weapons test
ban treaty. He designed and developed the LRL- N laboratory for alpha and gamma
spectrometry, a mobile radiological measurements laboratory, an instrument
calibration facility, and a support radiochemistry laboratory and hot cell
facility at NTS.

Verified for accuracy by:

An EmPbO&e-Owt*d COmPanY



U-se or diclosure of data conind on "hi ahet i subject to the restrction on the itle pge of this proposal or quotation.

. REGINALD L. GOTCHY, Ph.D. Page 5 of 5

Prior to 1962, Dr. Gotchy worked as a health physicist for the Off-Site
Radiological Safety Group of the U.S. Public Health Service at the Nevada Test
Site and in Las Vegas, and as a quality control chemist at Ohio Ferro Alloys
Corporation in Tacoma, Washington.

SELECTED PUBLICATIONS

Over 125 radiological reports and papers dealing with nuclear weapons tests
(1962 - 1965), biological assays for uranium miners (1967 - 1968), and
radiological and btoenvironmental reports and papers dealing with peaceful uses
of nuclear explosives (Plowshare), regulatory guides, and papers and publications
dealing with assessments of health effects from radiological and non-
radiological agents. Some of the most recent include:

Health Effects Attributable to Coal and Nuclear Fuel Cycle Alternatives, U.S.
NRC Final Report, NUREG-0332 (June 1987).

Health Risks from the IK.lear Fuel Cycle in: Health Risks Associated with
Energy Technologies, American Association for the Advancement of Science
Symposium Series, Westview Press, Inc., Boulder, Colorado (1983).

* Results of the Public Whole Body Counting Program Following the Three Mile
Island Accident, NUREG-0636 (December 1980).

Health Effects of Uranium Mining and Milling for Commercial Nuclear Power
(co-author), in Health Implications of New Technologies, Ann Arbor Science
Publishers, Inc. (1980).

NRC Estimates of Health Risks Associated with Low Level Radiation Exposure,
Proceedings of the Tenth Annual Conference on Radiation Control, Harrisburg,
Pennsylvania, April 30-May 4, 1978, HEW (FDA) 79-8054 (June 1979).

Estimation of Life-Shortening Resulting from Radiogenic Cancer per Rem of
Absorbed Dose, Health Physics Journal, Vol. 35, pp.563-656 (October 1978).

Verified for accuracy by:
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SCTrr S. HAY

As the !,aditrics Supervisor at SAIC's Laboratory Services Division in
Rbckville, Maryland, Mr. Hay is responsible for the operation and maintenance
of a variety of radiation detectors. He performs nuclide maasursimnts using
alpha and gamia s-ters, NaI(Ti) detectors, low-level beta systems and
liquid scintilltion systems; and onstncts calibration curves and other
quality control tools as required. Mr. Hay has served as field supervisor on
projects requiring analysis of radiation measurements and collection of samples
outside of the laboratory.

Before working with the radiation measurements, Mr. Hay worked as the Senior
COmist in the radioanalytical laboratory. He performed radiochemical
dissolutions, separations and purifications of matrices including filter paper,
soil, biological specimens, resin, evaporator residue, oil and reactor
coolant. Mr. Hay has performed research and development on difficult-to-
analyze elements such as technetium. and niobium and has improved laboratory
procedures for elements such as strontium and iodine. His research has led to

reduction gi0othe labortory's lowei9 linit of detection for isotopes such as
8 9 ',04,2 "'Nb, -ad the tr wsuranics

231e,139,24O,241,2p 2 41 ' and 241C,,43,244a. Mr. ay'so
responsibilities included carrier and tracer control, initial and continuing
radiochemistry training, and lab chmistry procedures. The SAIC laboratory is
frequently audited by utility auditors, and they always cmmenrt favorably on
these areas.

Prior to joining SAIC, Mr. Hay was employed for four years as a radiochemist by
et v U. S. Air Force at the Atomic Energy Detection Laboratory. He received

extensive training and hands-on experience in the dissolution, separation, and
purification of samples for radionuclide analyses, and in the proper methods
and techniques for analyzing environmental, low level, and high level samples.
Mr. Hay developed and implemented several environmental monitoring programs.
Miese programs involved large numbers of samples taken over large areas and
long time durations, establi t of sample logging and tracking procedures,
extensive data quality control measures, strict attention to sample

I radiological purity during chemical analysis, and collation and interpretation
of nuclide data. Matrices analyzed by Mr. Hay included filter papers used to
collect atmospheric samples, aquatic and terrestrial flora and fauna, fresh and
seawater samples, organs fram grazing animals, and various soils. He gained
"" techniques required for ensuring that nuclides such

do not form complexes and thereby become
fractionated during the dissolution process. Mr. Hay also gained extensive
experience in the preparation and standardization of carriers and tracers used
in radionuclide analysis and in the preparation and documentation of laboratory
ees.

An Employ#*-OwnW ComnCnav
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ROBERT K. KENNEDY
DIVISION DIRECTOR

EDUCATION

University of Oklahoma: Ph.D., Plant Ecology/Geography (1973)
Iowa State University: M.S., Ecology/Soils (1969)
South Dakota State University: B.S., Botany/Biology (1967)
Washington State University: Additional study in Environmental Biophysics

SUMMARY OF EXPERIENCE

Dr. Kennedy has had over 23 years experience in planning and managing compliance-
centered technical operations, including field and laboratory components
requiring auditable documentation. Recent responsibilities included managing
compliance activities for Battelle's Office of Nuclear Waste Isolation, Salt
Repository Project with the Department of Energy (licensing, environmental, and
regulatory compliance; systems engineering; systems analysis; configuration
management; and institutional affairs). He previously established and managed
regional offices for two environmental consulting firms, and has directed a
diverse array of multidisciplinary EIAP projects (EAs and EISs); mineral
development and permitting projects; reclamation and remediation feasibility
studies; regulatory analyses; and facility siting programs. He has participated
on Government task force efforts and has had extensive participation in
briefings, presentations, and decision meetings involving Government and public
sector participants. He is currently the program manager for two large,
multiproject USAF hazardous waste Installation Restoration Program contracts.

EMPLOYMENT HISTORY

June 1989 to present: Science Applications International Corporation (SAIC)

Dr. Kennedy is the Division Director at SAIC Golden, CO, where he is responsible
for a group of 25 multidisciplinary professionals. The Division has as its
primary business focus the conduct of remedial investigation/feasibility studies
and interim remediation at hazardous waste sites. The Division also prepares
Environmental Impact Statements for a variety of efforts. In addition to
division management, Dr. Kennedy is responsible fo- Program Management of two
large contracts for the Air Force and for EIS preparation on the New Jersey
BOMARC Missile Site mixed waste remediation project.

March 1983 to June 1989: Battelle Memorial Institute (Denver)

Dr. Kennedy was the General Manager for Battelle Denver Operations. In this
capacity he was responsible for the effective execution of environmental and
hazardous waste program investigations, Analyses, and reporting; implementation
of a responsive quality assurance program; staff training and development;
maintenance of business, project, and data management systems; administration
of the health and safety program and records; and maintenance of responsive

* client relationships.
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Previously at Battelle Project Management Division, Dr. Kennedy held the
positions of Assistant Program Manager-Compliance, Regulatory Project Office
Manager, Environment/Socioeconomics Department Manager, and Chief Environmental
Scientist. The number of staff members under his direction varied from 20 to
125 with budget authority of $3 million to $55 million annually. Dr. Kennedy
was responsible for the planning and preparation of major compliance documents,
including regulatory and statutory plans and reports, the development and
validation of total and subsystem models, the tracking of compliance actions,
the implementation of environmental, air quality and socioeconomic site-
specific field and laboratory studies and the project institutional
program.

February 1981 to December 1982: Normandeau Associates, Inc.

Dr. Kennedy directed regional office operations and project management for this
multiregion engineering and environmental consulting services company. He was
responsible for comprehensive planning and direction of coal and metals mining
development, reclamation, and permitting projects. His project management
experience included preparation of technical response to regulatory questions
covering revegetation success criteria and protection of riparian habitat for
underground coal mines in Mesa and Delta Counties, Colorado; conduct of
vegetation and soils field surveys, reclamation planning, mine reclamation plan
preparation, and technical response to regulatory review of the plans for an
underground coal mine in Delta County, Colorado; direction of a Routt County,
Colorado project designed to evaluate various vegetation sampling methods for
cost efficiency, statistical validity, and appropriateness for use on revegetated
land areas; evaluation of erosion and sedimentation control methods for use in
stabilization of active and revegetated cuts and slopes in four lignite surface
mines in North Dakota; direction and preparation of final reclamation plans,
including drainage restoration, for three underground coal mines in Carbon
County, Utah; and direction of the field surveys and preparation of the
revegetation and reclamation management plan for a proposed surface coal mine
in Campbell County, Wyoming.

Nay 1976 to February 1981: Texas Instruments, Inc.

Dr. Kennedy held the positions of Western Regional Manager, Utility Services
Manager, Biological and Land Resources Manager, and Senior Ecologist. He was
responsible for project management and operations in the Western Regional Office.
Earlier, he was responsible for operations of four regional and two field
operations centers in the midwestern and eastern United States. These operations
supported site characterization studies, monitoring, and licensing/permitting
field studies to establish compliance with NRC, EPA, and State regulations. His
project management experience included design and direction of a multi-year
environmental assessment of the impact of cooling tower salts on vegetation and
soils in a 12,000-acre area of Indiana and Kentucky adjacent to a nuclear
generating station; direction of preparation of the draft and final documents
for the proposed Colstrip, Montana Units 3 & 4, mining, generating plant and
cross-state transmission system EIS for Bonneville Power Authority; direction
of assessment of the impact of urbanization and agricultural practices on loss
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of wetlands over the period 1949 through 1977 in southern Wisconsin for the Corps
of Engineers; and management of a baseline vegetation study and report
preparation for a large power park siting study in central Florida.

Nay 1973 to Nay 1976: Sargent & Lundy Engineers

As an Environmental Project Manager, Dr. Kennedy directed and monitored
environmental contract work in support of utility client licensing and permitting
documentation. He prepared applicant environmental reports (ER) and preliminary
safety analysis reports (PSAR) for six midwestern nuclear generating plants.
He also prepared technical responses to NRC interrogatories and contentions in
support of applicant's licensing process.

AWARDS AND HONORS

Management performance awards, Texas Instruments, Inc. (1979, 1981)
Who's Who in the West
American Men and Women of Science

SELECTED PUBLICATIONS

Identification of Sites Within the Palo Duro Basin: Volume 1 - Palo Duro
Location A, DOE/CH-1O(1); Volume 2 - Palo Duro Location B, DOE/CH-1O(2); Volume

* 3 - Responses to Comments, DOE/CH-1O(3). 1984. Prepared for the Salt Repository
Project Office by the Office of Nuclear Waste Isolation, Battelle Project
Management Division, Columbus, OH.

"Plans for Characterization of Salt Sites." Coauthor in Proceedings of the 1983
Civilian Radioactive Waste Management Information Meeting, December, 1984. U.S.
Department of Energy, Washington, D.C.

Revegetation and reclamation management plan. 1982. Echeta Mine, Echeta,
Wyoming. Vols. III & V, Echeta Mine Reclamation Plan, Eldorado Exploration,
Gillette, Wyoming. 61p.

Stream restoration and reclamation plan. 1981. Des-Bee-Dove, Deer Creek, and
Wilbert mines, Price, Utah. Utah Power & Light Minerals, Salt Lake City, Utah.

Final Colstrip Environmental Impact Statement, Colstrip Units 3 & 4 - Mining,
Generating Plant, and Transmission System, Volumes I-Ill. 1979. Prepared for
Bonneville Power Administration by Science Services Division, Texas Instruments
Inc., Dallas, TX.

Herbage dynamics of an Oklahoma tall-grass prairie, OSAGE, 1972. 1975.
U.S.I.B.P., Grassland Biome Technical Report No. 273. Colorado State University,
Ft. Collins, 116p. (with P. G. Risser).

Preliminary network evaluation on methods of primary producer biomass estimation.
1972. pp.30-46. In:P.G. Risser, ed., Preliminary producer data synthesis, 1970.
Comprehensive network sites. U.S.I.B.P., Grassland Biome Technical Report No.
161. Colorado State University, Ft. Collins. 148p.



ROBERT K. KENNEDY
(continued) Page 4 of 4

Management of natural landscapes in Iowa: 11. Sheeder Prairie. Iowa Acad. Sci.

Proc. Vol 79. (with R.Q. Landers).

KEYWORDS

Program management, EIS, RI/FS, Remediation, Plant Ecology, DoD, DOE, CoE,
Mining, Reclamation, Systems Analysis, Hazardous Waste, Facility Siting, Habitat
Restoration, Licensing, Environmental Compliance, Permitting, Regulation, CoaL,
Vegetation, Revegetation, Nuclear, Environmental Assessment, Resource management.
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PETER J. MELLINGER

Program Manager
Environmental Management Operations

B.A. Biological Sciences, University of the Pacific 1964
M.S. Oceanography/Radiation Biology, Oregon State University 1966
Ph.D. Radioecology/Radiation Biology, Oregon State University 1972

Dr. Mellinger has spent the major part of his career as project manager or
individual contributor to environmental and risk assessments of DOD defense
projects including rocket boosters, SDI, submarine acoustic measuring facilities,
and DOE projects related to energy production, reclamation, and isotope separation
facilities. These assessments involve defining routine and fugitive emissions from
facilities, modeling the environmental transport and fate of the released material,
predicting exposure to man and other biota, and estimating the health risks to the
exposed human populations. Specific areas and projects include:

* Human Risk Assessments. Dr. Mellinger is currently involved in an EPA
project assessing potential human exposure to airborne asbestos from
unpaved roads and other disturbed soils in California. - Project Manager

Dr. Mellinger completed an assessment involving potential cancer incidence
from formaldehyde and B(a)P exposure in the indoor environment. In
addition, the potential incidence of lung cancer mortality from the operation of
a proposed coal liquefaction industry have been quantified. Lung cancer
mortality estimates of an occupationally exposed work force were compared to
estimated health effects of the U.S. population. A very Important part of this
work involves selection of surrogate models, potency matrices, and tracking
the estimates of uncertainty through the assessment. - Project Manager

Dr. Mellinger completed an evaluation of alternative systems for the
management of airborne radioactive noble gas wastes emphasizing public
health and safety. Using the assessment of krypton-85 management
schemes, tradeoffs involving the contrasting concepts of dilute/disperse and
capture/contain were evaluated as to their impacts upon the world population
dose. Health effects were predicted for both the occupational work force and
the U.S. population. - Project Manager
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Dr. Mellinger presented voluntary risk perspective to a residential
weatherization risk assessment. Tightening residences may cause an
increase in the concentration of natural radon gas, cigarette smoke, and
formaldehyde within the residence. These risks are being compared
quantitatively with other voluntary risks such as driving, air travel, and
becoming involved with fires, firearms, falling objects, and electrocution. -
Individual Contributor

* CERCLA. Dr. Mellinger is currently Project Manager for a plutonium burning
analysis, historical air dispersion patterns, ARARs preparation and a baseline
risk assessment in support of a BOMARC missile fire.

Dr. Mellinger is managing a project to prepare a PA/SI for 54,000 acres the Air
Force is interested in obtaining at Vandenberg AFB in support of future space
launches.

* NEPA Documentation and Related Assessments. Two projects that Dr.
Mellinger is currently managing include estimating potential environmental
impacts from acquiring additional buffer land at Vandenberg AFB to support
future space launches and a project to estimate potential impacts of Air Force
laser systems and their support equipment at AMOS, Maui, Hawaii.

Potential environmental impacts from routine assembly, transport, and
airborne launch of a three stage rocket booster and from accident scenarios
were recently estimated by Dr. Mellinger and his assessment team. - Project
Manager

Dr. Mellinger and his team completed an environmental impact statement
concerning potential impacts from the construction and operation of a
submarine acoustic measurement facility proposed for Behm Canal, Alaska.

Dr. Mellinger was the project manager for a document to describe the
potential environmental impacts of the construction and operation of an
Atomic Vapor Laser Isotope Separation facility if it were to be sited at
Hanford. The purpose of the facility is to convert fuel-grade plutonium to
weapon-grade material. - Project Manager

He was project manager for two multiyear Advanced Isotopic Separation (AIS)
Environmental Assessments involving laser, plasma, and advanced gas
centrifuge technologies for the enrichment of uranium. These projects are
aimed at systematically examining effects on the environment and upon
society that may occur when this technology is introduced, extended, or
modified. These studies concentrate on anticipation, identification, and
evaluation of potential direct, indirect, and delayed impacts. A wide range of
impacts are environmental health (occupational and public) and safety,
socioeconomic, and legal and institutional. - Project Manager

He was also responsible for site- and region-related research and dataSacquisition and for the preparation of the environmental licensing documents

2
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to satisfy the National Environmental Policy Act (NEPA) for a major
southeastern nuclear facility. - Project Manager

* Outer Continental Shelf Oil. Current fossil fuel studies involve state-
of-the-art descriptions and future alternative methods utilized in the
exploration, retrieval, and transportation of outer continental shelf oil and the
environmental impact of released hydrocarbons and other contaminants from
these activities.

* Fossil Fuel Transportation. A one-year research and analysis program for the
U.S. Maritime Administration resulted in an environmental assessment of the
transportation of crude oil from the Persian Gulf to the United States via a
400,000 DWT nuclear-powered Very Large Crude Carrier (VLCC).

Consulting Services. Dr. Mellinger has provided consulting services to a
number of electrical power utilities related to such activities as:

1. Prediction of environmental consequences of the release of nonradioactive
and radioactive materials from utility plant operations.

2. Estimation of the biological consequences to plants and animals from
chemicals and heat discharged to the environment from electrical
generating stations.

3. Evaluation of potential heavy metal cycling in fresh water, marine, and
estuarine ecosystems.

4. Prediction of probable pathways by which released chemicals could lead to
the intoxication of the biota themselves or to man.

5. Preparation and delivery of technical testimony to the Atomic Safety and
Licensing Board (ASLB) and the Advisory Committee on Reactor Safeguards
(ACRS).

Oceanograohic Instrumentation. Dr. Mellinger managed a research and
development effort to develop radioisotopic uses in oceanographic
instrumentation for applied and basic research and pollution detection and
control.

Dr. Mellinger is a member of the Hazardous Materials Control Research
Institute, Society for Risk Analysis and ASTM Subcommittee on Aquatic Toxicology.
He is a member of the Research Committee of the Washington Association of Wine
Grape Growers and a member of the Washington Wine Advisory Board. His honors
include a U.S. Atomic Energy Commission Summer Research Fellowship, 1970, and
a U.S. Public Health Service Grant for Environ-mental Toxicology, 1970-1972.
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Journal Articles:

Mellinger, P. J., and V. Schultz. 1975. "Ionizing Radiation and Wild Birds: A

Review.0 Critical Reviews in Environmental Control. CRC Press, 5(3):397-421.

Technical Reports:

Mellinger, P. J., et al. 1988. Final Environmental Imoact Statement. Southeast
Alaska Acoustic Measurement Facility (SEAFAC). Behm Canal. Ketchikan Gateway
Borough, Alaska. Prepared for David Taylor Naval Ship Research and Development
Center, Detachment Puget Sound, U.S. Department of the Navy.

Mellinger, P. J., and L. E. Sever. 1988. "IX. Formaldehyde.' In MEDICEF
International Center for Medical Environmental Sciences and Future Research.
ISSN 0258-3763, Vol. 1, Indoor Air Pollution, p. 324-348. West Germany.

States, J. B., P. J. Mellinger and D. D. Mahlum. 1988. 'VIII. Benzo(a)pyrene." In
MEDICEF International Center for Medical Environmental Sciences and Future
Research. ISSN 0258-3763, Vol. 1, Indoor Air Pollution, p. 300-323. West
Germany.

Mellinger, P. J., R. D. Stenner, D. K. Landstrom, D. G. Watson, C. E. Cushing and R.
A. Ewing. 1987. Evaluation of the Potential Environmental Conseouences
Associated with Operation of the AVLIS Process at the Hanford Site. Richland.
W. PNL-6132, Pacific Northwest Laboratory, Richland, Washington.

Mellinger, P. J. 1986. "Health Risks Resulting from Coal-Liquefaction Industry
Atmospheric Discharges." Paper presented at the 24th Hanford Life Sciences
Symposium, October 21-24, 1985, Richland, Washington.

Mellinger, P. J., and L. E. Sever. 1986. Health Risks from Indoor Formaldehyde
Exposures in Northwest Weatherized Residences. PNL-6058, Pacific Northwest
Laboratory, Richland, Washington.

Mellinger, P. J., and R. D. Stenner. 1986. Environmental Assessment Soecial
Isotope Separation Process Selection. DOE/EA-0298, U.S. Department of
Energy, Washington, D.C.

Mellinger, P. J. 1985. 40 CFR 190 Revisited. PNL-5378, Pacific Northwest
Laboratory, Richland, Washington.

Mellinger, P. J. 1985. 'The Benefits of Wine Irradiation - A Review." In 1984
Proceedings of the Washington State Grape Society Seminar 14:73-78,
Washington State Grape Society, Grandview, Washington.
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* Mellinger, P. J. et al. 1985. Environmental Assessment Advanced Technologifes for
Uranium Enrichment. DOE/EA-0256 (Secret), U.S. Department of Energy,
Washington, D.C.

Mellinger, P. J. 1984. The Benefits of Wine Irradiation - A Review. BN-SA-1954,
Battelle, Pacific Northwest Laboratories, Richland, Washington.

Mellinger, P. J., L. W. Brackenbush, J. E. Tanner and E. S. Gilbert. 1984. 85&
Health Risk Assessment for a Nuclear Fuel Reprocessing Plant. PNL-5209,
Pacific Northwest Laboratory, Richland, Washington.

Mellinger, P. J., and D. L. Strenge. 1983. Special Isotoge Separation Action
Description Memorandum. SIS-84-O1, U.S. Department of Energy, Washington.
D.C. (Secret)

Aaberg, R. 1., R. A. Peloquin, D. L. Strenge and P. J. Mellinger. 1.983. AnaAguatic
Pathways Model to Predict the Fate of Phenolic Compounds. PNL-4202, Pacific
Northwest Laboratory, Richland, Washington.

Mellinger, P. J., et al. 1982. Environmental Assessment: Advanced Isotope
Separation - Process Selection. DOE/EA-0174, Final (Secret), U.S. Department
of Energy, Washington, D.C.

Mellinger, P. J., B. W. Wilson, D. D. Mahium, L. E. Sever and A. R. Olsen. 1982.
Health and Environmental Effects Document for Direct Coal Liquefaction - 1981.
PNL-4230, Pacific Northwest Laboratory, Richland, Washington.

Wilson, B. W., R. A. Pelroy, D. D. Mahlum, M. E. Frazier, R. A. Renne and P. J.
Mellinger. 1.982. "Heteroatomic PAH: Analysis, Bioassay, and Implications for Air
Quality.* In Proceedings of the OECD Workshop on PAH, October 1.981, Paris,
France.

Mellinger, P. J. 1.981. 8 5Kr Hazards and Health Effects. PNL-SA-1.0086, Pacific
Northwest Laboratory, Richland, Washington.

Mellinger, P. J., G. R. Hoenes, L. W. Brackenbush and J. Greenborg. 1.980. 85&
Manageiment Tradeoffs: A Persoective to Total Radiation Dose Commitment.
PNL-3176, Pacific Northwest Laboratory, Richland, Washington.

Cowan, C. E., M. A. Parkhurst, R. J. Cob, D. Keller, P. J. Mellinger, and R. W.
Wallace. 1980. Some lmglications of In Situ Uranium Mining Technology
Deeomn. PNL-3439, Pacific Northwest Laboratory, Richland, Washington.

Teofilo, V. L., W. E. Bickford, L. W. Long, B. A. Price, P. J. Mellinger, C. E.
Willingham, and J. K. Young. 1980. The Fusion Fuel Cycle: Material
Reauiremer-ts and Potential Effluents. PNL-3182, Pacific Northwest Laboratory,
Richland. Washington.
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Mellinger, P. J., J. W. Anderson and J. R. Vanderhorst. 1979. Evlatiof
Environmental Impacts of Outer Continental Shelf Petroleum Development in the
Pacific Northwest and Alaska. PNL-RAP-35, Pacific Northwest Laboratory,
Richland, Washington.

Mellinger, P. J. 1973. A Preliminary Survey of Radionuclides and Selected Stable
Elements in Biota. Water and Sediments in the Vicinity of the Atlantic Generating
Station, NUS Corporation Report No. NUS-1127.

Mellinger, P. J. 1973. Radioecologv and Radiosensitivity of Shellfish. Fish. Plants
and Wild Birds and Mammals: A Partial Review of the Literature. NUS
Corporation Report No. NUS-1054.

Mellinger, P. J. 1973. *The Comparative Metabolism of two Mercury Compounds as
Environmental Contaminants in the Fresh Water Mussel, Margaritifera
Margaritifera." In Proceedings of the 6th Annual Conference on Trace
Substances in Environmental Health, D. D. Hemphill, ed., pp. 173-180.

Mellinger, P. J., and V. N. Smith. 1973. "An Instrumental Neutron Activation
Method for the Determination of Mercury: With Comparisons to Atomic
Absorption Spectrophotometry." In Proceedings of the Workshon on Mercury in
the Western Environment (1971), D. R. Buhler, ed. pp. 250-256, DCE Press,
Oregon State University, Corvallis, Oregon.

* Mellinger, P. J. 1971. "Release of Radioactive Substances and Their Environmental
Effects." In Mid-Columbia Nuclear Power: Proceedings of the Conference at
Hermiston. Oregon. February 16. 1971. Extension Environmental Education
Program, Cooperative Extension Service Special Report No. 343, Oregon State
University.

Willis, D. L., and P. J. Mellinger. 1970. An Ecological Evaluation of the Effects of
Estimated Radioactive Liquid Effluents from the Troian Nuclear Reactor. Report
for Portland General Electric Company, Portland, Oregon.
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JOFU MISHIMA, Staff Scientist

Earth Sciences Department

Education

.B.S. Chemistry, Wayne University 1951

Experience

Mr. Mishima has been associated with the Hanford Project since 1955. From
1955 to 1962, he performed professional functions in the Process Control
Laboratory for the PUREX process. Since 1962, Mr. Mishim has worked as an
individual technical contributor and as a member or leader of intra- and
interdisciplinary research teams. Kr. Mishima's areas of expertise include
the fractional airborne release of radionuclides as a consequence of
nonnuclear-initiated accidents, energy output and products of fire and
explosions, nuclear air cleaning systems, particulate sampling of gaseous
effluents from nuclear facilities and research planning and organization.
He has made significant contributions in the following areas:

Assessment of Consequences of Occurrences in Nuclear Fuel Cycle
Facilities. Kr. Mishima has been involved in experimental studies to
generate data on the airborne release of radionuclides under various
types and levels of stress and the application of such data for the
estimation of the radiological consequences of accidents Involving
facilities holding radioactive materials. The range of events covered
are nonnuclear, process-related (i.e., fires, explosions, spills,
etc.) to external (i.e., earthquakes, tornado, impact of aircraft,
etc.). The studies also require a sound knowledge of energy

Go generation rates, hazardous conditions, and the products of fires and
explosions. Some of the experimental data developed are:

The fractional airborne release of plutonium metal and
various solid and liquid forms under thermal stress.

The fractional airborne release of uranium dioxide powder
and nitrate solution under aerodynamic and thermal stress.

The washout of methyl iodide from post-accident LWR con-
tainment atmospheres by hydrazine solutions.

The airborne release of fission products from contaminated
soils and vegetation during range fires.

The transport of fine particles through small orifices,
capillaries and other leaks.

The retention and release of inert gases in water.

The fractional airborne release of powders and liquids
during free fall spills.
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Lindsey, C.G., J. Nishima and S.E. King. 1982. "Evidence for the
Long-Term Stability of Uranium Mill Tailings: Examples of the
Survivability of Large Man-Made Earthen Structures." In Fifth Annual
Symposium on Uranium Mill Tailings Management, Colorado State University,
Fort Collins, Colorado.

Gregory, W.S., R.A. Martin, P.C. Owczarskl, J. Mishima, H. Godbee and
S. Bernstein. 1982. *Methods for Nuclear Air Cleaning Systems Accident
Consequence Assessment." In 17th DOE Nuclear Air Cleaning Conference. DOE
and Harvard Air Cleaning Laboratory.

Sutter, S.L., J.W. Johnston and J. Mishima. 1982. "Investigation of
Accident Generated Aerosols: Releases from Free Fall Spills." In American
Industrial Hygiene Association Journal, 43:540-543.

Sutter, S.L., J.W. Johnston, P.C. Owczarski, J. Mtshima and L.C. Schwendiman.
1981. *Depleted Uranium Dioxide Powder Flow Through Very Small Openings." In
Nuclear Technology, 9:100-104.

Owczarski, P.C., S.L. Sutter, J. Mishima, L.C. Schwendiman and J.W. Johnston.
1980. "Fuel Powder Transport Through Container Leaks." In ANS Transaction,
35:106-107.

Reports

Mishima, J., S.L. Sutter, K.A. Hawley, C.A. Jenkins and B.A. Napier. (In
Publication). Potential Radiological Impacts of Upper-Bound Operational
Accidents during Proposed Disposal Alternatives for Hanford Defense Waste,
PNL-5356, Pacific Northwest Laboratory, Richland, Washington 99352.

Mishima, J. (In Publication by sponsor). Criteria for Systems Used in DOE
Facilities to Sample and Measure Airborne Radionuclide Emissions to CoNply
with 40 CER 61, Subpart H, PNL-5686, Pacific Northwest Laboratory, Richland,
Wasington 99352.

Mishima, J., M.A. Parkhurst, R.I. Scherpelz and D.E. Hadlock. 1985.
Potential Behavior of Depleted Uranium Penetrators Under Shipping and Bulk
Storage Accident Conditions. PNL-5415, Pacific Northwest Laboratory,
Richland, Washington.

Mishima, J., L.W. Brackenbush, R.A. Libby, K.L. Soldat and G.D. White.
1983. Cost-Benefit Analysis of Unfired PuO Pellets as an Alternative
Plutonium Shipping Form. NUREG/CR-3445 (PNE-4806), Pacific Northwest
Latoratory, Richland, Washington.

Mishima, J. and C.G. Lindsey. 1983. Investigation into the Feasibility of
Alternative Plutonium Shipping Forms. NUREG/CR-3007 (PNL-4507), Pacific
Northwest Laboratory, Richland, Washington.
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Mishima, J., J.E. Ayer and M.A. McKinney (ed). 1981. Estimated Airborne
Releases of Radionuclides from the Battelle Memorial Institute Columbus
Laboratories JN-lb Building at the West Jefferson Site as a Result of
Postulated Damage from Severe Wind and Earthquake Hazard. PNL-4095,
Pacific Northwest Laboratory, Richland, Washington.

Mishlma, J., J.E. Ayer and M.A. McKlnney (ed). 1981. Estimated Airborne
Release of Plutonium from Atomics International's Nuclear Materials Development
Facility in the Santa Suzana Site, California, as a Result of Postulated
Damage from Severe Wind and Earthquake Hazard. PNL-3935, Pacific Northwest
Laboratory, Richland, Washington.

Mishima, J., J.E. Ayer and I.D. Hays (ed). 1980. Estimated Airborne
Release of Plutonium from the 102 Building at the General Electric
Vallecitos Nuclear Center, Vallecitos, California, as a Result of Postulated
Damage from Severe Wind and Earthquake Hazard. PNL-3601, Pacific Northwest
Laboratory, Richland, Washington.

Mishima, J., L.C. Schwendiman, J.E. Ayer and E.L. Owczarski (ed). 1980.
Estimated Airborne Release of Plutonium from the Exxon Nuclear Mixed Oxide
Fuel Plant at Richland, Washington. PNL-3340, Pacific Northwest Laboratory,
Richland, Washington..Mishima, J., L.C. Schwendiman and J.E. Ayer. 1979. Estimated Airborne
Release of Plutonium from Westinghouse Cheswick Site as a Result of Postulated
Damage from Severe Wind and Seismic Hazard. PNL-2965, Pacific Northwest
Laboratory, Richland, Washington.

Mishima, J., R.B. McPherson, L.C. Schwendiman, E.C. Watson and J.E. Ayer. 1979.
Source Term and Radiation Dose Estimates for Postulated Damaoe to the 102
Building at the General Electric Vallecitos Nuclear Plant. PNL-2844,
Pacific Northwest Laboratory, Richland, Washington.

Mishima, J., L.C. Schwendlman and J.E. Ayer. 1978. An Estimate of Airborne
Release of Plutonium from Babcock and Wilcox Plant as a Result of Severe
Wind Hazard and Earthquake. PNL-2811, Pacific Northwest Laboratory,
Richland, Washington.

Mlshima, J., L.C. Schwendiman and J.E. Ayer. 1978-1979. NRC Analysis of
the Effect of Natural Phenomena Upon Operation of Plutonium Plants.
Incremental Analysis--Identification of Features Within Plutonium Fabrication
Farility Whose Failure May Have a Significant Effect on the Source Terms,
features observed in

Babcock and Wilcox's Plutonium Plant at Leechburg, Pennsylvania

Westinghouse Plutonium Fuel Development Laboratory, Cheswick,
Pennsylvania



JOFU MISHIMA (Publications cont.) 4 of 8

Advanced Fuel Laboratory Facilities at General Electric's
Vallecitos Nuclear Center

Exxon Nuclear's Mixed Oxide Fabrication Plant at Richland,
Washington.

Mishima, J. and R.C. Smith. 1978. Airborne Plutonium Studies for HEDL
Plutonium Fuel Laboratory. Interim Report, Hanford Engineering Development
Laboratory, Richland, Washington.

Mtshima, J. 1937 Distribution and Potential Release of Surface
Contamination, Cs in Zone I, B-C Control Area. Interim Report.
BNWL-B-337, Pacific Northwest Laboratory, Richland, Washington.

Htshima, J. 1974. 'Considerations in Evaluation of the Airborne Release
and Dispersion of Plutonium." Appendix C in The Risk of Transporting
Plutonium Oxide and Liquid Plutonium Nitrate by Truck. BNWL-1846, Pacific
Northwest Laboratory, Richland, Washington.

Mlshima, J. and L.C. Schwendlman. 1973. "Airborne Release of Plutonium
and Its Compounds During Overheating Incidents.' In: Pacific Northwest
Laboratory Annual Report for 1972 to the USAEC Division of Biomedical and
Environmental Research Volume II: Physical Sciences, Part 1, Atmospheric
Sciences. BNWL-1751, PTI, p. 26, Pacific Northwest Laboratory, Richland,
Washington.

Mlshima, J. 1973. Potential Airborne Release of Surface Contamination
During a Fire in the B-C Control Area. BNWL-B-303, Pacific Northwest
Laboratory, Richland, Washington.

Mishlma, 3. and L.C. Schwendiman. 1973. Characterization of Radioactive
Particles in the 234-5Z Building Gaseous Effluent. BNWL-B-309, Pacific
Northwest Laboratory, Richland, Washington.

Mishima, 3. and L.C. Schwendiman. 1973. Interim Report: The Fractional
Airborne Release of Dissolved Radioactive Materials During the Combustion
of 30 Percent Normal Tributyl Phosphate in a Kerosene Type Diluent.
BNWL-B-274, Pacific Northwest Laboratory, Richland, Washington.

Mlshima, J. and L.C. Schwendiman. 1973. Some Experimental Measurements of
Airborne Uranium (Representing Plutonium) in Transporting Accidents.
BNWL-1732, Pacific Northwest Laboratory, Richland, Washington.

Mlshima, J. and L.C. Schwendiman.. 1972. "Characterization of Radioactive
Particles in a Plutonium Plant Exhaust System." In: Pacific Northwest
Laboratory Annual Report for 1972 to the USAEC Division of Biology and
Medicine. Volume II: Physical Sciences, Part 1, Atmospheric Sciences.
BNWL-1651, Part 1, p. 88, Pacific Northwest Laboratory, Richland, Washington.
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Mishima, J. and L.C. Schwendiman. 1972. "Airborne Release of Plutonium
and Its Compounds During Overheating Incidents." In: Pacific Northwest
Laboratory Annual Report for 1972 to the USAEC Division of Biology and
Medicine. Volume I1: Physical Sciences, Part 1, Atmospheric Sciences.
BNWL-1651, Part 1, Pacific Northwest Laboratory, Richland, Washington.

Mishima, J. and L.C. Schwendinan. 1971. Characterization of Radioactive
Particles in the 234-5Z Building Ventilation System. Interim Report.
BNWL-B-102, Pacific Northwest Laboratory, Richland, Washington.

Mishima, J. and L.C. Schwendiman. 1971. Facility Description and
Procedures, Large Scale Aerosol Release Facility, 242-B Building.
BNWL-B-91, Pacific Northwest Laboratory, Richland, Washington.

Mishima, J. and L.C. Schwendiman. 1969. The Release of 8 5 Kr from
Water--Interim Report. BNWL-CC-2395, Pacific Northwest Laboratory,
Richland, Washington.

Mishima, J. 1969. Some Observations of Airborne Releases Accompanying
Serious Incidents Involving Plutonium. BNWL-CC-2011, Pacific Northwest
Laboratory, Richlana, Washington.

Mishima, J., L.C. Schwendiman and C.A. Radasch. 1968. Plutonium Release
Studies--IV. Fractional Release from Heating Plutonium Nitrate Solutions
in Flowing Air Streams. BNWL-931, Pacific Northwest Laboratory, Richland,
Washington.

Mishima, J., L.C. SChwendiman and C.A. Radasch. 1968. Plutonium Release
Studies--Ill. Fractional Release from Heated Bearing Powders. BNWL-786,
Pacific Northwest Laboratory, Richland, Washington.

Mishima, J. 1966. Plutonium Release Studies--I!. Release from the
Ignited Bulk Metallic Plutonium. BNWL-357, Pacific Northwest Laboratory,
Richland, Washington.

Mishima, J. 1966. Review of Methyl Iodide Behavior In Systems Containing
Airborne RAdioiodine. BNWL-319, Pacific Northwest Laboratory, Richland,
Washington.

Mlshima, J. 1965. Plutonium Release Studies--I. Release from the Ignited
Bulk Metal. BNWL-205, Pacific Northwest Laboratory, Richland, Washington.

Mishlima, J. 1964. A Review of Research on Plutonium Releases During
Overhsatlng and Fires. HW-83668, General Electric Co., Richland, Washington.
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(As a Contributor)

Scherpelz, R.I., J. Mishima, L.A. Sigalla and D.E. Hadlock. (In
Publication). DUDOSE - Computer Codes for Calculating Doses Resulting from
Accidents Involving Munitions Containing Depleted Uranium, PNL-5723,
Pacific Northwest Laboratory, Richland, Washington 99352.

Sutter, S.L., J. Mishlma, M.Y. Ballinger and C.G. Lindsey. 1984.
Emergency Preparedness Source Term Development for the Office of Nuclear
Material Safety and Safeguards - Licensed Facilities. NUREG/CR-3796
(PNL-5081), Pacific Northwest Laboratory, Richland, Washington.

Moore, E.B., Project Manager. 1983. Control Technology for Radioactive
Emissions to the Atmosphere at U.S. Department of Energy Facilities,
PNL-4621, Pacific Northwest Laboratory, Richland, Washington.

Lindsey, C.G., J. Mishima, S.E. King and W.H. Walters. 1983.
Survivability of Ancient Man-Made Earthen Mounds: Implications for Uranium
Mill Tailings Impoundments. NUREG/CR-306l (PHL-4541), Pacific Northwest
Laboratory, Richland, Washington.

Hooker, C.D., D.E. Hadlock, J. Mishima and R.L. Gilchrist. 1983. Hazard
Classification Test of the Cartridge, 120 mm, APESDS-T, XM829. PNL--M,

S- Pacific Northwest Laboratory, Richland, Washington.

Chan, M.K.W. and J. Mishima. 1983. Characteristics of Combustion
Products: A Review of the Literature. NUREG/CR-2656 (PNL-4174), Pacific
Northwest Laboratory, Richland, Washington.

Sutter, S.L., J.W. Johnston and J. Mishima. 1981. Aerosol Generated by
Free Fall Spills of Powders and Solutions in Static Air. NUREG/CR-2139
TPNL-3786), Pacific Northwest Laboratory, Richland, Washington.

Owczarski, P.C., S.L. Sutter, J. Mishima, L.C. Schwendiman and T.J. Bander.
1979. Measured and Predicted Gas Flow Rates Through Rough Capillaries.
NUREG/CR-0745 (PNL-2623), Pacific Northwest Laboratory, Richland, Washington.

Glissmeyer, J.A., J. Mishima and R.L. Gilchrist. 1978. Characterization
of Airborne Uranium from Test Firings of XM-774 Ammunition. PNL-2944,
Pacific Northwest Laboratory, Richland, Washington.

Parker, G.B., J. Mishima and R.L. Gilchrist. 1978. Radiological and
Technology Assessment of an External Heat (Burn) Test of the 105 mm
Cartridge. APFSDS-T, XM-774, Pacific Northwest Laboratory, Richiand,
Washington.

Sutter, S.L., T.J. Bander, J. Mishima and L.C. Schwendiman. 1978. Measured
Air Flow Rates Through Microorifices and Flow Prediction Capability.
NUREG/CR-0066 (PNL-2611), Pacific Northwest Laboratory, Richland, Washington.
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Oscarson, E.E., J. Mishima and D.A. Waite. 1977. Detailed Accident
Analysis for the High Level Waste Preparation Phase of the Commercial
Nuclear Waste Vitrification Project. BNWL-2207, Pacific Northwest Laboratory,
Richland, Washington.

Schneider, K.J. and C.E. Jenkins (coordinators). 1977. Technology,
Safety, and Cost of Decommissioning a Reference Nuclear Fuel Reprocessing
Plant. NUREG-0278, Pacific Northwest Laboratory,. Richland, Washington.

Andersen, B.V., et al. 1975. Technological Considerations in Emergency
Instrumentation Preparedness, Phase IIC - Emergency Radiological and
Meteorological Instrumentation for Fuel Reprocessing Facilities.
BNWL-1857, Pacific Northwest Laboratory, Richland, Washington.

Sutter, S.L. and J. MW9him 3 7 1975. 9 9sr in Surface Constituents in the
B-C Control Area and Sr: Cs Ratios. BNWL-B-433, Pacific Northwest
Laboratory, Richland, Washington.

Sutter, S.L. and J. Mishima. 1975. Potential Airborne Release of 13 7 Cs
Upon Heating B-C Control Area Surface Materials from 200 C
to 600 C. Pacific Northwest Laboratory, Richland, Washington.

Sutter, S.L. and J. Mishima. 1975. A Survey of the Distribution of
Surface Contamination of Terrain Adjacent to U-Pond. Pacific Northwest
Laboratory, Richland, Washington.

Sutter, S.L., J. Mishima and L.C. Schwendiman. 1974. Fractional Airborne
Release of Strontium During the Combustion of 30 Percent Tri-n-buty
Phosphate in a Kerosene-Type Diluent. BNWL-B-358, Pacific Northwest
Laboratory, Richland, Washington.

Selby, J.M., et al. 1973. Technical Considerations in Emergency Instrumental
Preparedness, Phase TIB. Emergency Radiological and Meteorological
Instrumentation for Mixed Oxide Fuel Fabrication Facilities. BNWL-1742,
Pacific Northwest Laboratory, Richland, Washington.

Mishima, J. and L.C. Schwendiman. 1973. Fractional Airborne Release of
Uranium (Representing Plutonium) during the Burning of Contaminated Waste.
BNWL-1730, Pacific Northwest Laboratory, Richland, Washington.

Selby, J.M., et al. 1973. Considerations in the Assessment of the
Consequences of Effluents from Mixed Oxide Fuel Fabrication Plants.
Pacific Northwest Laboratory, Richland, Washington.

Schwendiman, L.C., J. Mishima, A.K. Postma, L.L. Burger and R.A. Hasty. 1967.
The Washout of Methyl Iodide by Hydrazine Sprays. BNWL-530, Pacific
Northwest Laboratory, Richland, Washington.
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Presentations

Kenoyer, J.L., D.B. Higby, K.L. Swinth and J. Mishima. Presented at the
Ist DOE Workplace Aerosol Monitoring Workshop at Napa, CA,
10/28-30/85. 'Performance Testing of Workplace Air Monitors Using Procedure
Based on Draft ANSI-N42.17B", PNL-SA- .

Mishima, J., P.C. Owczarski, S.L. Sutter and L.C. Schwendiman. 1980.
"Pressurlzed Powder Release Through Micro Openings in Faulted Corners."
PNL-SA-8510. Presented at the 6th International Symposium Packaging and
Transportation of Radioactive Material in Berlin, Germany, November 10-14,
.1980.

Mishima, J. and L.C. Schwendiman. 1970. "The Amount and Characteristics
of Plutonium Made Airborne Under Thermal Stress." BNWL-SA-3379. Presented
at the Sth Midyear Topical Symposium of the Health Physics Society in Idaho
Falls, Idaho, November 3-6, 1970.

Mlshima, J. and L.C. Schwendiman. 1968. "Some Observations on the Nobel
.Gas Partitioning in Dynamic Air-Water Systems." BNWL-SA-3360. Presented
at the 11th AEC Air Cleaning Conference at Richland, Washington, August
31-September 3, 1970.

Mishima, J. and L.C. Schwendiman. 1966. "The Fractional Airborne Release
of.Plutonium During Overheating Incident." BNWL-SA-2695. Presented at
1969 Winter Meeting of the American Nuclear Society, San Francisco, California,
November 30-December 4, 1969.

Mishima, J., L.C. Schwendiman, L.L. Burger and R.A. Hasty. 1966. "Removal
of Methyl Iodide From Simulated Reactor Containment Atmospheres." BNWL-SA-821.
Presented at the 9th AEC Air Cleaning Conference, Boston, Massachusetts,
September 13-16, 1966.
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Scientific Articles

Mishima, J. 1982. "Long-Term Stabilization of Uranium Mill Tailings
Piles, Project Overview." In Fifth Annual Symposium on Uranium Mill
Tailings Management. Colorado State University, Fort Collins, Colorado.

Mishlma, J., S.L. Sutter, P.C. Owczarskl and L.C. Schwendiman. 1980.
"*Pressurized Powder Release Through Micro-Openings in Faulted Corners." In
Proceedings of the 6th International Symposium Packing and Transportation
of Radioactive Materials (PATRAM-80). (H.W. Huber, ed), Bundesanstatl fur
Materialprufung/COC Kongressorganisation GmbH.

Mishima, J. 1974. "Fractional Airborne Release of Plutonium Under Shipping
Accident Conditions." In 4th International Symposium on Packaging and
Transportation of Radioactive Materials, CONF-740901-P3, U.S. Atomic Energy
Commission.

Mishima, J. and L.C. Schwendiman. 1970. "Some Observations on Noble Gas
Partitioning in Dynamic Air-Water Systems." In Proceedings of the Eleventh
AEC Air Cleaning Conference. CONF-700816, Vol. 2, U.S. Atomic Energy
Commission.

Mishima, J. and L.C. Schwendiman. 1966. "The Airborne Release of Plutonium
During Overheating Incidents." Transactions of the American Nuclear
Society, 12(2). (Proceedings 1969 Winter Meeting).

Mishlma, J. 1966. "Review of Methyl Iodide Behavior in Systems Containing
Airborne Radioiodine." Nuclear Safety, 2(2):35-43.

Mishlma, J., L.C. Schwendiman, L.L. Burger and R.A. Hasty. 1966. "Removal
of Methyl Iodide from Simulated Reactor Containment Atmospheres with
Hydrazine." In Proceedings of the Ninth AEC Air Cleaning Conference,
CONF-660904, Vol. 1, U.S. Atomic Energy Commission.

(As a Contributor)

Sutter, S.L., M.Y. Ballinger, M.A. Halverson and J. Mlshima. 1984.
"Accident-Generated Radioactive Particles Source Term Development for
Consequence Assessment of Fuel Cycle Facilities." Submitted to Particulate
Science and Technology, an International Journal.
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CATHERINE N. OLSEN

Weber State College: B.S., Geology (1987)
Weber State College: A.A.S., Chemistry (1987)

PROFESSIONAL SUMMARY

Ms. Olsen has experience in various geological field methods, including mapping
and interpretation. She has participated in hydrogeologic and geologic hazard
studies and has performed geotechnical laboratory testing, surveying, and stream
gauging. She is experienced in the use of analytical chemistry instrumentation
including gas chromatograph and gas chromatograph mass spectrometer, X-Ray
diffractometer, and spectrometric analysis. She has experience in aquifer
characterization and has performed field tests on RCRA-compliance wells.

PROFESSIONAL EXPERIENCE

Science Applications International Corporation, Golden, Colorado
(1989 - present)

Currently, Ms. Olsen supports the Air Force installation restoration program,
performing geologic and hydrologic analyses associated with remedial
investigations. She is working at the Fairchild AFB in Spokane, Washington on
the evaluation of contamination from base activities.

SMs. Olsen was involved in detemining the Waste Acceptance Criteria (WAC) for low
level and low level mixed waste at Rocky Flats. Her responsibilities involved
investigating various waste streams and determining waste acceptable for
transportation to the Nevada Test Site.

Ms. Olsen was a team member for the Installation Restoration Program at the
BOMARC Missle Site at McGuire AFB, New Jersey. Her responsibilities were to
evaluate the extent of Plutonium 239 contamination by conducting radiological
surveys, wipe sampling water sampling. She is experienced with various
radiological equipment including the Eberline ESP2, FIDLER, PAC-42 Alpha
Detector, Radeco Alpha Cam, and Rap-1 and Alpha-3 Cam. and has worked in level
C personal protection. She was involved in the RI/FS and ITIR reports for that
site.

As field team member under NOAA'S Quick reaction Task Order Contract, Ms. Olsen
was responsible for the screening analysis for petroleum hydrocarbons in sediment
and sediment pore waters using ultra-violet fluorescence spectrophotometry for
the Exxon Valdez Damage Assessment. Her responsibilities included collection
and analysis of water, sediment, and biota samples from sites throughout the
Prince William Sound and coastal Gulf of Alaska, daily reports to the NOAA Chief
Scientist and assisting NOAA scientists with sampling operations.

SAIC
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Battelle Memorial Institute, Denver, Colorado
(1988 - 1989)

Ms. Olsen was field team member for the installation of a ground water
monitoring well, surface water sampling and surface and subsurface soil sampling
in the Malmstrom AFB installation restoration program. Her responsibilities
included the documentation of field activities during the installation of
monitoring well, water and soil sampling. Ms. Olsen also ensured compliance with
all quality assurance project plan procedures regarding the collection,
preservation, packaging, and shipping of environmental samples.

Ms. Olsen was a field team member during the magnetometer survey and initial site
reconnaissance and preparation for IRP Stage 2 at the Andersen AFB installation.
Her responsibilities included the documentation of field activities during the
geophysical survey, mapping landfill features, locating sites for monitor well
installation and soil sampling and obtaining clearance to drill at these
locations from Air Force personnel.

Ms. Olsen supervised the drilling and construction of wells in the design and
implementation remedial action for the Tanguisson Power Plant oil spill in Guam.
Her responsibilities included onsite geological assessments and design and
construction of oil recovery wells, water injection wells, and monitoring wells.
She also was responsible for field report completion, contractor liaison, and
maintaining contact with Guam Power Authority (GPA) personnel on the project.

Sirrine Environmental Consultants, Aiken, South Carolina
(1987 - 1988)

As Assistant Hydrogeologist, Ms. Olsen was responsible for determining aquifer
characterization by performing slug tests on RCRA compliance wells at a tritium
seepage basin facility in South Carolina. She was responsible for the completion
of field testing of groundwater monitoring wells and data reduction using the
Hvorslev (1961), Bouwer & Rice (1976), and Nguyen & Pinder (1984) methods to
determine hydraulic conductivity.

Saint Benedicts Hospital, Ogden, Utah
(1983 - 1987)

Ms. Olsen served as a Lab Technician/Systems Operator. Her responsibilities
involved a variety of technical skills in a pathology laboratory, including
computer pathology and medical laboratory testing.

ADDITIONAL EDUCATION

OSHA 40-Hour Hazardous Waste Site Training, 1988
OSHA 8-Hour hazardous Waste Site Health and Safety Supervisor Course, 1990

~ OSHA 8-Hour Annual Health and Safety Refresher Course, 1990
American Red Cross Community CPR, 1990.
American Red Cross CPR: Basic Life Support For The Professional Rescuer, 1990.
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I
AWARDS AND HONORS

Women Geoscientists Award (1987)

PROFESSIONAL AFFILIATIONS AND CERTIFICATIONS

Colorado Groundwater Association
Association of Engineering Geologist

I
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MARK D. OTIS Position with Company:
Division Manager,
Environmental Analysis &
Performance Assessment

EDUCATION

Ph.D, Radioecology, Colorado State University (1983)
M.S., Radiation Health, Colorado State University (1973)
B.S., Physics, University of Colorado (1972)

PROFESSIONAL CERTIFICATION

Comprehensive Certification by the American Board of Health Physics, 1981.
Recertified in 1985 and 1989.

EXPERIENCE

Dr. Otis is an ecologist and a certified health physicist with a wide range of
experience in modeling the movement of radioactive pollutants through the
environment and assessing their potential impacts. He also managed and
supervised multidisciplinary teams of scientists and engineers conducting
research and assessments of environmental impacts from both radioactive and
hazardous, nonradioactive pollutants.

Dr. Otis has provided support to the Department of Energy (DOE) and to the
commercial nuclear power industry in performance assessments of low-level
radioactive waste (LLW) disposal facilities. He has worked through both the
DOE National Low level Waste Management Program and the host state's Technical
Coordinating Committee. He has participated in the development and review of
conceptual designs, prototype license applications, and environmental
monitoring plans for LLW facilities. He is co-author of "Guidelines for
Radiological Performance Assessment of DOE low-Level Radioactive Waste
Disposal-Sites," DOE/LLW-62T, 1988.

As a principal investigator for a series of Nuclear Regulatory Commission
studies, Dr. Otis has evaluated the long term performance of alternative LLW
disposal facility designs incorporating engineered barriers such as concrete
vaults and overpacks.

Dr. Otis has applied his understanding of the environmental behavior of
pollutants to the design of environmental monitoring programs for nuclear
facilities and waste disposal operations. Examples of these monitoring
programs include operational activities at the Radioactive Waste Management
Complex and decontamination activities at the site of the SL-1 reactor
accident at the Idaho National Engineering Laboratory (INEL). He is presently
developing a comprehensive environmental monitoring plan for a broad spectrum
of nuclear and non-nuclear facilities at the INEL. He is also serving on the
Health Physics Society Standards Committee N13.9, Environmental Surveillance
Around Nuclear Facilities.

An Emplee-Onet Comoany
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He has been a contributor to a variety of safety analyses and environmental
assessment documents for DOE nuclear facilities. These include performance
assessments for the Radioactive Waste Management Complex and the Environmental
Assessment for the Fuel Processing Restoration Project at the INEL. Work on
proposed new DOE facilities has included participation in draft Environmental
Impact Statement for the Special Isotope Separation project, the New
Production Reactor, and the Compact Ignition Tokamak fusion reactor.

Dr. Otis has participated in several major studies designed to provide best
estimates of radiation doses received by individuals from past releases of
radioactivity. He has developed the uncertainty analysis techniques used for
estimates of internal doses to residents of southern Utah from atmospheric
weapons testing at the Nevada Test Site. He applied similar techniques to the
uncertainty of house shielding nd organ dose calculations for the DS86
reevaluation of doses to the Japanese atomic bomb survivors. Dr. Otis is
currently involved in a retrospective assessment of offsite doses in the
vicinity of the INEL.

Dr. Otis has participated in a series of training and classroom teaching
activities in health physics and environmental modeling. These include the
12th Annual Health Physics Society Summer School on Pathway Analysis and Risk
Assessment (June 18 -23, 1989); two DOE National Low-Level Waste Management
Program workshops on LLW Facility Performance Assessment (September, 1989 and
January, 1990); and graduate level courses in environmental modeling and
advanced health physics for the University of Idaho (1986 to the present).

In addition to scientific and technical experience, Dr. Otis has over five
years of administrative and project management experience. He has managed an
interdisciplinary team of six to ten modelers, health physicists, ecologists,
and environmental engineers assessing the transport, fate, and effect of
radioactive and nonradioactive pollutants.

SECURITY CLEARANCE - Department of Energy "L", 1985 to present.
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PUBLICATIONS AND REPORTS

Concrete Barrier Performance for Radioactive Waste Disposal in the Unsaturated
Zone, J. C. Walton and M. D. Otis, XIIIth Symposium on the Scientific Basis
for Nuclear Waste Management, Materials Research Society, January 1990.

Uncertainty in Predictions of Fallout Radionuclides in Foods and of Subsequent
Ingestion, D. D. Breshears, T. B. Kirchner, M. D. Otis, F. W. Whicker, J.
Health Physics, Vol. 57, No. 6, December 1989.

A Review and Selection of Computer Codes for Establishment of the Low-Level
Waste Performance Assessment Center, M. J. Case, S. J. Maheras, M. D. Otis, R.
G. Baca, DOE/LLW-83, National Low-Level Waste Management Program, U.S.
Department of Energy, Idaho Falls, ID, July 1989.

Characterization Survey of a Site Contaminated with Discrete Radioactive
Particles, M. D. Otis and G. J. White, presented at the Health Physics Society
34th Annual Meeting, Albuquerque, NM, June 25-29, 1989.

Guidelines for Radiological Performance Assessment of DOE Low-Level
Radioactive Waste Disposal Sites, M. J. Case and M. D. Otis, DOE/LLW-62T,
National Low-Level Radioactive Waste Management Program, U.S. Depa tment of
Energy, Idaho Falls, ID, July 1988.

Safety Assessment of Alternatives to Shallow Land Burial of Low-Level
Radioactive Waste, Vol. 2, Environmental Conditions Affecting Reliab'lity of
Engineered Barriers, F. Cerven and M. 0. Otis, NUREG/CR 4701, Vol. 1, U.S.
Nuclear Regulatory Commission, Washington, September 1987.

Organ Dosimetry, Kaul, D. C., S. 0. Egbert, M. D. Otis, T. Kuhn, G. 0. Kerr,
K. F. Eckerman, M. Cristy, T. Maruyama, J. C. Ryman, J. S. Tank, in US-Japan
Joint Reassessment of Atomic Bomb Radiation Dosimetry, W. C. Roesch, Ed.,
National Research Council, Washington, DC, 1987.

House ard Terrain Shielding, W. A. Woolson, M. L. Gritzner, S. D. Egbert, J.
R. Roberts, M. D. Otis, S, Fujita, in US-Japan Joint Reassessment of Atomic
Bomb Radiation Dosimetry, W. C. loesch, Ed., National Research Council,
Washington, DC, 1987.

Safety Assessment of Alternat ves to Shallow Land Burial of Low-Level
Radioactive Waste, Vol. 1, Failure Analysis of Engineered Barriers, M. 0.
Otis, NUREG/CR-4701, U.S. Nuclear Regulatory Commission, Washington, DC,
August 1986.

Multi-media Design Principles Applied to the Development of the Global
Baseline Integrated Monitorin- Network, G. B. Wiersma, M. D. Otis, in
Pollutants in a Multi-media Environment, Y. Cohen, ed., Plenum Press, New
York, June 1986.
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"Uncertainty and Sensitivity Analyses of the PATHWAY Radionuclide Transport
Model," Ph.D. Thesis, Colorado State University, 1983.

"PATHWAY": A Simulation Model of Radionuclide Transport Through Agricultural
Foodchains," Proc. Third Int. Conf. on State-of-the-Art in Ecological
Modeling, Colorado State University, 1982.

"Evaluation of AIRDOS-EPA and MILDOS Food Chain Models," Proc. Third Symposium
on Uranium Mill Tailings Management, Colorado State University, 1980.

"A Preliminary Investigation of the Absorbent Properties of Materials Used in
the Packaging of Low-Level Radioactive Liquids," Operational Health Physics,
Proc. Ninth Midyear Topical Symposium, Health Physics Society, 1976.

"The Utilization of Mo-99 from Spent Mo-99/Tc-99m Generators," Int. J. Apol.
Rad. Isotopes, Vol. 27, No. 3, 1976.

"Important Considerations in Determining Biologically Essential Nutrients by
Depletion Studies," J. Colorado-Wyoming Academy of Sciences, Vol. 8, 1976.
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MICHAEL A. MCKENZIE-CARTER Position with Company:
Staff Scientist,
Environmental Analysis &
Performance Assessment

EDUCATION

M.S., Radiation Health, Oregon State University (1985)
B.A., Zoology, Humboldt State University (1981)

EXPERIENCE

Mr. McKenzie-Carter has a Master's Degree in Radiation Health and over 6 years
of experience in operational health physics and environmental radiation dose
assessment. He has conducted radiological dose assessments for a variety of
facilities, performance assessments for low-level radioactive waste (LLW)
disposal facilities, and impact assessments for non-radioactive pollutants. He
is familiar with both mainframe and personal computer codes for atmospheric
dispersion, shielding, and radiological dose assessment.

Mr. McKenzie-Carter's environmental assessment experience includes numerous
analyses of potential radiation doses from airborne releases at DOE facilities
on the Idaho National Engineering Laboratory (INEL) site in support of NESHAP
applications. He has conducted performance assessments for LLW disposal
facilities at the INEL and the Nevada Test Site. He participated in the
preparation of the license application for the proposed California LLW disposal
facility. He conducted the offsite radiological dose calculations for the draft
Environmental Assessment (EA) for the Compact Ignition Tokamak fusion reactor at
the Princeton Plasma Physics Laboratory while managing the preparation of the
entire EA. His experience with assessments for non-radioactive pollutants
includes evaluation of potential hazardous materials releases from facilities at
the Rocky Flats Plant, and estimates of potential impacts from airborne organic
toxins associated with the remediation of groundwater contamination at McClellan
Air Force Base, CA.

Mr. McKenzie-Carter's operational health physics experience includes radiological
engineering support of the LOFT test reactor and a large Hot Shop complex at the
INEL. This support required performance of shielding analyses of reactor
components, fuel shipments, and other sources; occupational dose assessments for
radiation workers; off-site dose assessment for accident and normal operating
conditions; and evaluation of other miscellaneous radiological engineering
problems. Responsibilities also included review of project work packages,
designs, and procedures, and recommendation of methods to keep radiation doses
ALARA.

July 1990

A
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PUBLICATIONS AND PRESENTATIONS

McKenzie-Carter, M. A. and D. A Bruns, "Environmental Risk Assessment of Volatile
Organics Released From the Ground Water Treatment Plant at McClellan AFB",
Informal Report EGG-ESE-B18O, EG&G Idaho, Inc., August, 1988.

McKenzie-Carter, M.A. and J. R. Stencel, "Environmental Assessment for the
Compact Ignition Tokamak", Proceedings of the IEEE 12th Symposium on Fusion
Engineering, October 12-16, 1987.

McKenzie-Carter, M. A., and R. E. Lyon, "Methodology for Assessing the
Radiological Consequences of Radiological Releases from the CIT Facility at
PPPLN, Internal Report EGG-ESE-8600, EG&G Idaho, Inc., August 1989.

McKenzie-Carter, M. A., and M. D. Otis, "An Example of a Methodology for
Comparison of Radiological Assessment Codes Using AIRDOS-EPA and RSAC-3",
Presented at the 32nd Annual Meeting of the Health Physics Society, July 5-9,
1987.

Stencel, J. R., R. B. Fleming, J. C. Commander, and M. A. McKenzie-Carter,
"Health Physics Considerations for the Compact Ignition Tokamak", Proceedings of
the 20th Midyear Topical Symposium of the Health Physics Society, Reno, Nevada,
February 8-12, 1987.

Willis, D. L. and M. A. McKenzie-Carter, "Radiotechnetium Metabolism in Two
Freshwater Species, the Crayfish Pacifastacus leniusculus, and the Snail Juca
silicula", (Thesis), presented at the 29th Annual Meeting of the Health Physics
Society, June 3-8, 1984, New Orleans, LA.

Numerous internal reports documenting facility radiological hazards assessments.

A
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Curriculum Vitae
Mark C. Roberts, CHP

Education

Duquesne University - BS, Physics, 1973
University of Pittsburgh - MS, Radiation Health, 1974

Experience

June 1988 Porter Consultants, Inc., Ardmore, PA - Health Physics Consultant Responsible for pro-
to Present viding complete radiation safety services for field personnel involved in sampling and sur-

veying a plutonium and americium contaminated site. Duties included personnel
monitoring, site hazards training, air sampling and radiation surveys and proper handling
and shipment of radioactive samples and wastes. Performed radiation safety checks on
radiation-producing machines for a large university and two affiliated hospitals. Prepared
a decontamination plan for a thorium contaminated industrial facility, including perform-
ing a site assessment and data analysis, as well as, serving as technical interface for client
to state and federal regulatory agencies. Co-Coordinator for radon testing specialists
course. Responsibilities include developing lesson plans and exams and presenting course
lectures. Prepared health physics lectures and wrote procedures for laboratory and utility
clients. Developed radiological emergency medical response plans for a nuclear utility
and served as radiation emergency response team member.

February 1988 Salem and Hope Creek Generating Stations, Public Service Electric & Gas Company,
to June 1988 (Porter Consultants, Inc.) - Health Physics Consultant. Responsible for whole body

counting program during initial refueling outage at Hope Creek. Duties included review
of all personnel whole body counts, determinations of internal versus external contamina-
tion of individuals, assessments of MPC-hour intakes, review of Quality Control data, and
procedure revisions. Supervised technicians performing whole body counting and
respirator fit-testing and reviewed fit-testing results. Assisted Radiation Health Depart-
ment in budgetary reviews and the implementation of cost-saings measures.

March 1987 i.merick Generating Station, Philadelphia Electric Company, (Porter Consultants, Inc.)
to October 1987 Health Physics Consultant Responsible for the whole body contamination monitoring

program during the initial refueling outage. Duties included directing the placement of
whole body contamination monitors for optimum job coverage, shielding determinations
and placement and directing troubleshooting activities. Assisted in evaluations involving
effluent calculations and unplanned releases. Member of committee responsible for up-
dating skin contamination determinations and skin dose calculation procedures.

March 1986 Salem and Hope Creek Generating Stations, PSE&G, (Porter Consultants, Inc.) -Heahh
to February 1987 Physics Consultant. Responsible for assisting the corporate health physics section in the

areas of whole-body counting, dosimetry, instrument calibration and respirator fit-testing.
Prepared data for performance testing of personnel dosimeters, with primary emphasis on
beta response evaluation. Worked with computer dose/record-keeping system for access
control, dose records and training documentation. Evaluated data and performance of
Nal and Germanium whole body counters to identify system capabilities and to aid in
determination of internal vs. external contamination. Also responsible for developing
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Curriculum Vitae
Mark C. Roberts, CHP

responses to NRC licensing and inspection findings in health physics areas, including gen-
eration of empirical data to support conclusions. Participated as a controller/evaluator
for numerous Emergency Planning Drills and NRC Graded Exercises.

October 1987 to Porter Consultants, Inc. - Emergency Planning and Health Physics Consultant Respon-
February 1988 & sible for writing documents to provide background for attorneys involved in radiation liti-
January 1986 to gation cases, including personnel radiation dosimetry, whole body counting and radiation
March 1986 environmental monitoring.

March 1984 Salem and Hope Creek Generating Stations, PSE&G, (Porter Consultants, Inc.) -Emer-
to December 1985 gency Planning and Health Physics Consultant. Responsible for writing health physics sec-

tions of the Emergency Plan and Emergency Plan Procedures. Developed lesson plans
and conducted classroom and practical instruction for radiation protection and chemistry
staffs. Involved in conducting, observing and critiquing the inplant health physics actions
during numerous Emergency Planning Drills and developing corrective actions. Par-
ticipated as a controller/evaluator in three annual Emergency Plan Graded Exercises in
the area of health physics. Assisted in the evaluation and selection of the offsite dose cal-
culation computer model.

January 1982 to Radiation Management Corporation (RMC), Philadelphia, PA. - Senior Health Physicist/
February 1984 Corporate Radiation Safety Officer. Responsible for managing health physics and environ-

mental monitoring program for a depleted uranium test firing project at a U.S. govern-
ment installation. This work required holding a Department of Defense *Secret" in-
dustrial clearance. Directly involved in numerous other health physics projects including
evaluating data and assessing hazards at an industrial park contaminated with uranium
and radium. Experienced in using large Curie sources for dosimeter and instrumentation
irradiation. Responsible for all radiation safety and licensing activities as corporate
Radiation Safety Officer, including dosimetry, source inventories, radioactive waste dis-
posal and laboratory surveys.

October 1980 to Radiation Management Corporation -Manager, Radiological Laboratories. Responsible
January 1982 for managing radiochemistry, environmental chemistry and counting laboratories and

data review activities. Supervised more than 25 health physicists, chemists and tech-
nicians.

August 1974 to Radiation Management Corporation -Health Physicist/Environmental Scientist.
September 1980 Responsible for instructing and developing course material for two 5-month training

programs in health physics for new BWR health physics technicians. Prepared and
presented General Employment Training and other basic and advanced health physics
courses to various clients. Performed calibration of effluent and process monitors and
determined set-points for radiation monitoring systems. Responsible for radiological en-
vironmental monitoring programs for nuclear power plants, including data review for
trends and anomalies and preparation of annual and other technical reports.

*2



Curriculum Vitaep Mark C. Roberts, CHP

May 1974 to University of Pittsburgh, Pittsburgh, PA- Health Physics Associate. Responsible for
August 1974 writing health physics procedures and nuclear instructions for Duquesne Light Company

at its Beaver Valley Power Station. Work was performed pan-time while in graduate
school under an arrangement with the University of Pittsburgh.

Certifications

Comprehensive Certification in Health Physics (ClP) by the American Board of Health Physics (ABHP) -
1980. Recertified through 1992.

Professional Affiliations

Health Physics Society - Plenary Member, 1975 to present.

Delaware Valley Society for Radiation Safety (DVSRS) - Member, 1974 to present; Secretary 1980 - 1982,
President-Elect 1987-1988, President 1988-1989, Member of By-laws and Local Meeting Arrangements Com-
mittees.

Susquehanna Valley Chapter - HPS, 1988 to present.

Additional Training

American Association of Radon Scientists and Technologists (AARST) - Certification Review for RadonS Testing Specialists (16 hours) - 1988.

Public Service Electric & Gas Company - Boiling Water Reactor Technology Course (60 hours) - 1984.

DVSRS - Health Physics Training/Refresher Courses (54 hours each) - 1983, 1977, 1975.

DVSRS - Internal Dosimetry Symposium (12 hours) - 1982.

Experienced in the use of IBM-compatible micro-computers and database, spreadsheet, and word-processing
software.

References

Furnished upon request.
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STANLEY J. WALIGORA JL, CHP
Environmental Dimensions Inc.

QUALIFICATIONS SUMMARY

Mr. Waligora has over 30 years of diversified experience as a health physicist.
His experience has included emergency training, applied health physics and
industrial hygiene in the field and in research laboratories, environmental
momtoring and assessment, radiochemical analysis, and a broad scope of related
consulting projects. Services have been provided to nuclear utilities, nuclear
fuel plants, uranium mills, and to a variety of government and industrial
facilities. He has over 20 years experience in remedial action. He has prepared
over 100 environmental surveillence reports at Nevada Test Site and for nuclear
utilities, nuclear fuel plants, uranium resources companies, government facilities
and for extractive industries dealing with naturally occuring radioactive
materials. Mr. Waligora has been selected for a number of government and
standards committees including ANSI Standards for internal and external
dosimetry.

More recent project experience includes:

Evaluation and environmental risk assessment of naturally occuring
radioactive materials in oil and gas production facilities.

Technical and Health & Safety support for Phase 2 of a RI/FS at a
plutonium contaminated DOD site.

Environmental and health physics audits for a DOE prime contractor.

Internal dosimetry program for transuranic radionuclide.

CERTIFICATIONS

American Board of Health Physics-General Practice (Since 1968)
U.S. Public Health Service-Laboratory Director for Radiobioassay (Since 1973)
NM Environmental Improvement Division-Registered Qualified Expert (Since 1980)

P
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EDUCATION

1959 Siena College, B.S. Physics
(N.Y. State Regents Scholarship and Siena College Tuition
Scholarship)

1959-62 U.S. Army
Short Courses in health physics, instruction techniques,
and management.

1964-47 Environmental Protection Agency and Reynolds Electric
Short courses in management, computer programming, and
scheduling/critical path analysis.

1967-71 University of New Mexico
Part time graduate student in Physics (advanced calculus,
quantum mechanics, radiological physics) and in Business
Administration (law and psychology of motivation).
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EMPLOYMENT HISTORY

1959-62 Nuclear Weapons Officer-lnstructor
U.S. Army Defense Nuclear Agency (DASA)
Kirtland (Sandia) Base
Albuquerque, NM

Taught nuclear weapons and health physics to nuclear emergency teams. Major
work at Nevada Test Site. Co-authored basic texts. Produced technical manuals,
training films, and other training aids. Performed tritium bioassay analyses.
Specialized in radiation detection instruments and biological effects of radiation.
Rose to Course Supervisor for several programs and was Radiation Safety Officer
for AEC By-product License.

1962-64 Training Supervisor
Radiological Sciences Dept.
Reynolds Electrical & Engineering Co., Inc.
Nevada Test Site
Mercury, NV

Technical and professional training in health physics and industrial hygiene.
Developed and implemented a two-year training program for site technicians
which became part of their Union Contract. Significant external training in
Radiological Emergency Operations and other contracted AEC training for non/NTS
personnel. Filled in as Radiological Safety Shift Supervisor. Special projects.
Whole body counting liaison with EPA for routine and accident dosimetry.

1964-66 Health Physicist (then) Chief, Data Pcessing
U.S. Environmental Protection Agency (PHS)
Las Vegas, NV

Field Monitoring and environmental report writing for first 10 months. Data
Processing supported data reduction for radiochemical analysis, environmental
monitoring, whole body counting, and for radiobiological research. Supervised
reorganization of this section and rapid hardware improvements (IBM 1620, SDS-
925, CDC-1604). Helped prepare and teach the first Associate Degree program in
X-Ray Technology (medical) at the University of Nevada-Las Vegas.

19-•6T Health Physicist
Reynolds Electrical & Engineering Co., Inc.
Nevada Test Site
Mercury, NV

Responsible for all applied health physics and industrial hygiene support for
Lawrence Livermore Laboratory tests. Special projects in training, radioiodine
monitoring, permissible levels of short half-lived radionuclides, and abatement of
gaseous Ru-Rh-106. Design of new radiological facilities.p
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EMPLOYMENT HISTORY(cont'd)

1967-72 Chief, Health Physics and Industrial Hygiene
Inhalation Toxicology Research Institute
Lovelace Foundation
Albuquerque, NM

Responsible for occupational and environmental controls for research with
radiological and non-radiological intoxicants along with laboratory safety.
Radiation dosimetry assistance to principal investigators. Close work with Aerosol
Physics Dept. Developed an effective cascade centripeter (virtual impactor) for
airborne particle size distributions. Operated whole body counter (fission and
activation products) and worked with Los Alamos for transuranic isotopes. Active
in other DOE-ALOO work at Rocky Flats and G.E.-Pinellis (FL). Assisted in the
first bronchopulmonary lavage for accidentally inhaled radioactive material.
Clinical duties in Radiology at Lovelace Medical Center including therapy
planning, calibration, and treatment. Taught math and physics to Radiology
residents for Board Exams.

1ViZ-89 Facility Manager (then) Technical Director
Eberline Analytical Corporation
Albuquerque, NM(Columbia, SC)

Joined the, then, Services Division of Eberline Instrument Corp. to build, staff,
and manage the Southeastern Facility in Columbia, SC. Primarily a radiochemistry
laboratory with radiation dosimetry, instrument calibration and maintenance, and
instrument sales for southeastern U.S. Also responsible for business
development. Reputation for quality work with rapid turnaround. Consulting in
environmental programs, internal dosimetry, and medical physics. Prepared over
60 environmental reports for nuclear utilities and nuclear fuel plants including
pre-operational summaries and annual assessments. Original work in radiochemical
procedures. Major shielding integrity study (to 14 ft. thick concrete) for a
reprocessing plant under construction. Designed and established an
environmental analytical laboratory in Spain. Member of the SC Technical
Education Committee for five Centers providing Assoc. Degrees in Nuclear
Engineering Technology.

Promoted and transferred back to NM in 1977 to become Technical Director for
the Nuclear Services Division.

Provided technical direction and business development for health physics
services, radiochemical analyses, and external radiation dosimetry. Significant
consulting and field work for governments and industry in radiological
assessments and remedial actions. Early work for uranium mills and solution
mining operations permitted effective solutions to problems associated with
naturally occuring radioactive materials. Services for the latter were provided
to oil and gas, phosphate, rare earths, geothermal, and other extractive
industries. The diverse consulting practice included work for manufacturers ofS radium bearing building materials, users of a large pulsed x-ray machine, and
attorneys and physicians for radiation dose assessments. Through applied
-research, he developed a six element radiation dosimetry badge capable of
distinguishing shallow and deep doses in mixed radiation fields.
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PUBLICATIONS AND PRESENTATIONS

"A Six Element Dosimetry Badge for Beta and Photon Spectrometry", Second
Conference on Radiation Protection and Dosimetry, Orlando, FL, 1988.

"External Radiation Dosimetry at Nuclear Power Plants", 21st Midyear Topical
Symposium, Health Physics Society, Miami, FL, 1987.

"Fundamentals and Current Directions of Solid State Dosimetry", Professional
Enrichment Program. Health Physics Society Annual Meeting, Salt Lake City, UT,
1987.

"Pre-Operational Radiological Environmental Monitoring - Answers and Questions",
Health Physics Society 19th Midyear Symposium, Colorado Springs, CO, 1985.

"Applied Neutron Spectrometry and Dosimetry", Health Physics Society, Rio Grande
Chapter, Los Alamos, NM, 1985.

"Remedial Action Experience", EPA Region VII Conference, Lincoln, NE, 1982

(Invited).

S "Instrumental and Radiochemical Assessment of Decontamination Operations", Health

Physics Society Annual Meeting, Las Vegas, NM, 1982. Co-authors: Leon
Leventhal, Robert Wessman, and Richard Powell.

"New Concepts in Radon and Radon Daughter Measurements", International
Conference on Radiation Hazards in Mining, Golden, CO, 1981. Co-authors: Richard
G. Terry and Rex Beard.

"Eberline's New Microcomputer Based Radon Daughter Instrument", International
Symposium on Indoor Air Pollution, Health and Energy Conservation, Boston, MA,
1981. Co-authors: Eric L. Geiger and Rex Beard.

"Uranium Monitoring", "Operational Experience on Uranium Monitoring", and
"Operational Experience on Radon Monitoring" (Invited), Summer School on
Uranium Health Physics, South African Association of Physicists in Medicine and
Biology, Johannesburg and Pretoria, South Africa, 1980.

"Neutron Monitoring and Dosimetry at Nuclear Power Plants", Health Physics
Society Annual Meeting, Seattle, WA, 1980.

"Neutron Dosimeter Calibration at Nuclear Power Plants Through Instrument
Surveys", American Industrial Hygiene Conference, Chicago, IL, 1979.

"Radiochemistry" Chapter in Quality Assurance for Health Laboratories. AmericanS Public Health Association, 1978.
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PUBLICATIONS(cont'd)

"Pre-Operational Baseline Data - Methodology Used in Environmental Surveillance",
Southeastern Seminar on Environmental Radiation Surveillance, Montgomery, AL,
1974.

"Pulmonary Retention of Zirconium Oxide (Nb-95) in Man and Beagle Dogs", Health

Ikzmics 1971. Co-author: Chester R. Richmond.

"Safety Aspects of Research with Respirable Radioactive Aerosols", Radiation in
High Level Facilities (IAEA), Saclay, France, 1970. Co-author: J.A. Mewhinney.

"Incineration of Solid Wastes", Solid Waste Disposal Symposium, Defense Nuclear
Agency, Albuquerque, NM, 1970.

"Off-Site Survey Operation Roller Coaster. U.S. Public Health Service, 1969. Co-
authors: J.S. Coogan and D.L. Waite.

"Incineration of Low Level Radioactive Wastes", 4th ALO Health Protection
Conference, St. Petersburg, FL, 1969.

"Health Physics Aspects of the Fission Product Inhalation Program", Western
Industrial Health Conference, Las Vegas, NV, 1968. Co-authors: C. R. Richmond,
R. G. Cuddihy, and L. 0. McClellan.

Radiological Emergency Overations (editor and contributor) for AEC by Reynolds
Electrical and Engineering Co., Mercury, NV, 1967. (Many co-authors for this
combined student text and instructors manuaL)

Basic Nuclear and Radiation Physics. Defense Nuclear Agency, Albuquerque, NM,
1961. Co-authors: Otto G. Raabe and M. Edward Wrenn.

Principles of Radiation Detection Instruments- Defense Nuclear Agency,
Albuquerque, NM, 1960. Co-author: William Lynch.

Many reports have been written for customers through consulting work. These
include:

60 Annual Reports of environmental surveillance results for
nuclear power plants. Four reports were a detailed
summary of multi-year baseline or pre-operational data.

12 Environmental reports for uranium mills, heap leaching
and solution mining operations. Most for License Applica-
tions with source term determination and dose modeling.

2 Pre-operational monitoring summary reports for special
Nuclear fuel plants.
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PUBLICATIONS(cont'd)

1 Extensive, multi-volume, health physics procedures manual
for the U.S. Navy.

6 Reports to oil and mining companies characterizing
naturally occuring radioactive materials at various sites.

COMMITTEES, OFFICES AND HONORARIA

1987 (Continues) American National Standard Institute and Health Physics Society
Committee to review/revise ANSI N 13.11 Standard for Dosimetry - Personnel
Dosimetry Performance - Criteria for Testing.

1988 (Continues) Continuing and General Education Committee of the Health
Physics Society.

1983-86 American Board of Health Physics Preparation Course. Rio
Grande Chapter of the Health Physics Society. Organized and helped instructO . three five-month courses for members preparing for Certification by ABHP.

1M82-83 U.S. Environmental Protective Agency. "Radiological Sampling
and Analytical Methods for National Primary Drinking Water Regulations". Two
years culminating in a Work Shop. Final report part of Analytical Methods for
National Drinkiny Water Refulations.

1981-83 Chapter Council. Rio Grande Chapter, Health Physics Society
(elected).

19m0 South African Association of Physicists in Medicine. Presented
three of ten lectures for Uranium Health Physics Summer School in Pretoria.

1977-78 American National Standards Institute and Health Physics
Society Committee to prepare ANSI-N-1978 Internal Dosimetry for Fission and
Activation Products.

1974-77 Environmental Radiation Committee. Charter member of ad hoc
committee led by Dr. James Watson, Univ. of North Carolina. Now the
Environmental Radiation Section of the Health Physics Society.

1973-77 South Carolina Technical Education Committee. Committee
directing programs at five Centers offering Associate Degrees in Nuclear
Engineering Technology.

1376-77 American Public Health Association. Co-authored chapter onS Radiochemistry for Quality Assurance Practices for Health Laboratories (published
1978).
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COMMITTEES, OFFICES AND HONORARIA(cont'd)

1969 and 1971 American Industrial Hygiene Association Chairman, Technical
Committee on Ionizing Radiation.

1966 Secretary-treasurer, Lake Mead Chapter, Health Physics Society
(elected).

REMEDIAL ACTION EXPERIENCE

1961 KIWI-A-PRIME - Nevada Test Site
Retrieved fuel rod tragments and graphite core components which were
ejected from this bare reactor prototype of a nuclear rocket engine.

1970 Nuclear Fuel Plant - Maryland
Consultant for Eberline and client in the decontamination and restoration
of a special nuclear fuel plant and associated radiochemistry laboratory
totalling approximately 100,000 square feet. Tasks included assessment,
planning and management, decontamination procedures, packaging and
shipment of major waste quantities, and final certification. Occupational
and environmental health physics.

1979 Canonsburg - Pennsylvania
Decontamination of vicinity properties for NLO before the UMTRA program.
Characterization, assessment, clean-up and final certification. Occupational
and environmental health physics.

1981 Present Formerly Utilized Sites Remedial Action Program (FUSRAP) Technical
and field tasks for various sites in this 30+ site program with Bechtel
National for DOE. On-site work for periods up to one month.

1986 Town of Tonawanda, NY
Decontamination of sewer line and sewage treatment plant and remediation
of land fill contaminated with Americium-241. Five to ten curies of effluent
from smoke detector manufacturing plant. Started as consultant, then bid
successfully on remedial action.

1938 Los Alanos National Laboratory Environmental Restoration Program. Assist
in planning remedial investigations with Roy F. Weston for DOE.

193 U.S. Air Force Installation Restoration.
RI/FS Phase 2 for plutonium contaminated BOMARC site of McGuire AFB with
Science Applications International Corp.
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RADIATION DETECTION SYSTEMS EXPERIENCE

U.S. ARMY - Responsible for unit instruction on radiation detection for several
courses; included theory and instrument application. Helped evaluate Eberline
PAC-3G and PAC-IS to permit military standard; became AN/PDR-54 and AN/PDR-
60. Taught and demonstrated portable and fixed instruments for field use and
for analytical measurements.

Resnolds Electric - Helped design and develop a new low background proportional
counter.

Helped design and implemented gate monitoring systems for security gates.
Utilized a set of four arrays of long G-M tubes below grade, vertical sides, and
overhead.

Worked with EPA in whole body counter calibration and data interpretation for
accidental over-exposure to 1-131.

Environmental Protection Arency - Gamma scintillation counters with 5x8 NaI(TI)
detectors in shields fabricated from pre WWII 16 in. naval gun barrels. Rapid
screening of vegetation samples with quick isopleths for airborne effluent.

Assisted in the first use of EG&G thermoluminescent dosimeters in environmental
monitoring. Identified and helped remove self-dosing dosimeter components
containing natural radioactive material.

Developed and maintained algorithims for analytical data reduction with input of
raw data from instruments including laboratory and whole body counting
equipment. Took gamma spectrometry from an eight isotope array to a library
of 28 isotopes.

Lovelace Inhalation Toxicologu elsearch Institute - Operated whole body counter
for routine gamma ray energies and worked with Los Alamos on analysis of very
low energied photons for transuranics.

In-house systems for continuous air monitors and surface (personnel)
contamination monitors. Work with Rocky Flats on similar design and applications.

Supported research dosimetry with Harshaw TLD system.

Designed and fabricated an effective cascade centripeter to determine airborne
particle size distributions for effective inhalation dose modelling.
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RADIATION DETECTION SYSTEMS EXPERIENCE(cont'd)

Eberline - Build and implemented a radiochemistry laboratory and instrument
calibration facility.

Designed and implemented an environmental radiochemistry laboratory. Two year
effort for a Spanish architect-engineering firm.

Input to design of various new Eberline instruments. Radon daughter monitor
modified to prevent plate out of polonium-218 and added automatic post sampling
counts for thoron daughter determination.

Assisted in assessing a special detection system to monitor transuranics in
Johnston Atoll on a conveyor belt system.

INTERNAL RADIATION DOSIMETRY

. 1959-62 Taught internal dosimetry for plutonium, enriched uranium, tritium,
and fission and activation products to nuclear emergency team personnel.
Analyzed routine urine samples for tritium from military personnel throughout the
world.

1962-64 Training for Nevada Test Site personnel and for DOE (AEC) and
contractor personnel from other facilities. Detailed dosimetry for several
personnel through accidental over-exposure to iodine-131. Detailed and extensive
whole body counts with EPA (PHS) to determine effective half-life and dose
commitment.

1965-66 Computer programs and algorithms for the Bioenvironmental Research
Program and for the thyroid counting of residents in the vicinity of the Nevada
Test Site. Project Roller Coaster report of off-site surveillance included

,estimated dose commitments from plutonium inhalations.

1367 Dose Commitment calculations for short, half-lived fission and
activation products, primarily with gaseous precursors, at Nevada Test Site.

19r7-72 Lovelace Inhalation Toxicology Research Institute. Chief of Health
Physics and Industrial Hygiene for major research project with emphasis on
inhalation studies with fission and activation products, and transuranic
radionuclides. In-house whole body counting of research staff, supplemented
with routine phoswich counting at Los Alamos. Able to determine clearance with
very low but measurable burdens of specific radionuclides and matrices. Assisted
in bronchopulmonary lavage for an individual following accidental inhalation;. including relationships of chest counts at various DOE facilities to extensive
bioassay (urine, feces, blood, nose blows, etc.) along with combined effects of the
lavage and chelate therapy.
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INTERNAL RADIATION DOSIMETRY (cont'd)

1972-89 Internal dosimetry for many clients and projects utilizing Eberline
health physics and radiochemistry services. The scope ranged from contractor
and vicinity residents during remedial action projects to discrete and unrelated
incidents. Examples include uptake of C-14 and H-3 labelled glucose in a hospital
laboratory by children who were in-patients. Relation of post mortem tissues
analyses to potential occupational uptake. Work with both physicians and
attorneys. Internal dosimetry for personnel in the extractive industries who
have encountered naturally occuring radioactive material.

1977-78 ANSI-N-1978 Internal Dosimetry for Fission and Activation Products.

SUMMARY OF CONSULTING EXPERIENCE

Environmental monitoring program design, implementation, and assessment for
uranium mills and solution mines, nuclear fuel plants, nuclear utilities, waste
disposal sites, and government and industrial facilities. Modelling of predicted. and actual source terms. Special studies and problems.

Internal radiation dosimetry including correlation of inhaled/ingested material to
bioassay data for the above client base plus physicians and attorneys. Routine
and accident dose commitment determinations.

Remedial investigations and actions for local, state and federal facilities. Also for
extractive industries and other corporations. Routine and emergency conditions.

Radiochemistry including new procedures, bench-top tests prior to major
processing, quality assurance audits, identity of physical-chemical matrices
containing contaminants, and establishment of analytical laboratories.

Shielding integrity studies for fuel reproccessing tanks, shipping casks, neutron
poison panels, and large burst x-ray machines.

Neutron spectrometry including measurements and use of LOUHI and BON codes
for data reduction. Nuclear power plants and a DOE facility.
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SUMMARY OF CONSULTING EXPERIENCE(cont'd)

Licensing assistance to uranium mills and a broad scope of medical and industrial
applications. Source materials licensing including unusual concentrations of
naturally occuring radioactive materials in the extractive industries.

Naturally occuring radioactive materials in the latter -ase above including
occupational and environmental controls, locations of specific source terms within
processes, and disposal and stabilization of mixed (radioactive and toxic) wastes.

Development of radiation detection systems ranging from field laboratories to
special equipment to monitor unique problems.

Program reviews and audits for occupational and environmental health physics;
exposure monitoring and control programs, radiochemistry laboratories, and
procedure assessments. Follow-up after Technical Safety Appraisals and Tiger
Team audits.

Special projects for a broad scope of operations. Examples include radon. emanation from radium bearing construction materials, tracer radionuclides for
process monitoring and enhanced oil recovery, alpha emitting contaminants in
microchip manufacturing, and as an intermediary between industry and regulatory
agencies.

Training ranging from basic health physics and radiation detection to specialized
programs encompassing virtually all topics above. Regulatory compliance training
has included elements of the new NRC 10 CFR 20 and DOE orders including
5480.11.
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U.S. NUCLEAR REGOULATORY COMMISSION AO.....,.....CF

MATERIALS LICENSE Amendrnent No. 02
Psartc the AMomic Eneqjy Act 0" 19 51, as amended. the Enerly Reorganization A.- of 1974 (N'b!-.- Law 93- -'35). an-;~l l

F";- tlns Chare~ ?a::s 30, 31, 32. 33, 34, 35, 40 and 710. and in reliance on saee: r:~~e.~~
hert-ofore made by the liiter.set. a licer=s :s her-by issued aulh~orizing. the licensee. to :c:eive, acvuire, cossuss, and a~: y:::

iis~:.ard special nucicar dzei s;2na,:d below; to use such motens] for the ~u:s~)and at :;,e :lace(s) des -l:fd ý
0- edC .o=:asfe. S-_:" mate-u! to :e:sau.thorized to rective it -n acccrdarc:e with it.: rquticns c-* the a::s:ni Pr:s). "h:S

keuS'a2" ýe Z:eened to con:air. the ::nditiorts szeci1"ed in Section 183 of the A.=omic E'.neLv Aý:: rof 1954, as ainne:e. 3
to~::: al! aznci:ale m1es. :ea~rsand orders of the IN!,!:a: Resuia'.oy Commissio.n now or ftertll. :e: ~:t

cor .1d.:::ons stecui .5ed ýe~ow. 
n

In accordance with 'letter dated
August 27., 1986,

Teledyne Isotopes, Inc. 3. License number SNM-107 is amended in
its entirety to read as "FollowS:

:0VnSure!n Avenue- .

2.Westwood, New ~Jersey 0767:. <j &~x dt~r't! 3uly 31, '9S2

S. Docket or

6. Bypo c:-.' sourrce. andCr, 7 . Chomical andior pi.ysical K.%. ax u aount that :;ctnsee
ea cIe: meal -1 or. -*Žnay ;cSsess at ai.y on!r~

A . ~'Uranium 22^. .,An..*"~*~ A'Fr. 2 .- i C6c~rams

6 4icram

I . lut-onium 221 E. ft. m Ic8 ~ir ams
F. Flutznium 22 9 Any, gramns
I G. AtnySeiaLm 2 uc10 14 m! An 1 -cam

material.,~~ n

.-or use in research and :eyelopmen~t '11 dened in Section 70-4Q~)~ F a:
samol anlss a ra:4cn of instruments and dosir.;Uars frCirsada

reference SemID125 in tracer studies. For possession as reczverec Tre.1-
dcacntaminat'lon prccesses on precious metals.

CONDiTiONS

1C. ýIcensvd material shall I.e used only at 50 Van Euren Avenue, Westwocd, Sew Zerse;.,i11. 'Licensed mnaterial shall 6e used by, or under the supervision of, rndiv~duals
ces i;natac by tne it censee I s adiation Safety Cciimittee: Conaid F. Schuitz, Cal r.7

.12 A(') Any sailed scurces scecified in Items 7.A. through 7.K. snall be zest-ed
for ieakage and/or con;arnination a: intervals not to exceed three mcntns.
Any source receivec from another Person which is not accompanied ty a
cer:Ificate ~ndicatir.; tmat a test was Performed wi-hin three mcntns
tefore zne transfer Snail not be put into use until tested.
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NRC Form 374A U.S. NLJCL!AA REGULATORY COMMISSION 2 C 3 A

MATERIALS LICENSE Dst: tina SNM-107
SUPPLEMENTARY SHIEET

I2~ CONDITIONS070-00121 c.0

(12. continued) CODTIN

(2) Notwithstanding the periodic leak test required by this condition, any
lice nsed sealed source is exempt from such leak tests when the source
contains 100 microcurles or less of beta and/or gammna emitting material
or 10 microcuries or less of alpha emitting material.

B. Any sealed source or detector cell in storage and not being used need
not be tes ted . When the source or detec~tor cell is removed from storage
for use or transfer to another~ person~, it shall be tested before use cr
transfer.

C. The test shall be capabl'e of detecting the presence of 0.005 microcurie
of radioactive material on the test sample. If t6he.'test reveals the
presence of 0.005- microcurie or more of removable contamina-tion, the
source or detector cell shall be removed from service and decontaminated,

Arepaired, or aispcsec cf in accordance with Coffmissicn regulations.
rtzort shall be' filed within 5 days of the dat* the leak test result i s
known with th~- U.S. Nuclear Regulatory Cormissicn, Region, I, ATTIN: Chief,
Nuclear Materials Safety. and Safegutrds Branch, 61 Park 'venue, Kin~g cf
Prussia, Penesylivanlia 19406. Th4 report sha~ll specify tn& ~source involved,4
the test results, and corrective action tartan.. Records of-leak test
resultsshl-tketi nU0 ncouisadsalb-manar 'r
insrpecticn by -tne C=Issiorr. Recar.-s may be disposed o,12 1cl 1cwin;

or by othMer persons scectfically licensed by the C=ni6ssion or an Agree- 11
ment Saet efrsc evcs

ali suc shandlo de a rece in e andto picossresse anda-h s i er~ :art~ecfor~c

CIOIntncresshj 'e nanzl, Vfr years fron. the date of each inventcr'd.

1d. he icenee may transpcrt licensed materilal In accordance with t~e ;rovisilcr~s
of 10CF; art 71, "Packacing and Transport-,tion of Aacioactive Material".

Th iese is exeinpzae Orom &he requirement of Section 70.21 of 10 CR Part ,
inszfa asthe Section ;;oIles to the material covered bty this' lýicnse-. The tc::a ;
cuatilesof Special Nuclear Material in the laboratory facility shall contzln*

less thn 450 grams.
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IF MATERIALS LICF-NSE -e : numb*:
SUPPLEMENTARY SH'EET 070-00124

•!Amendment N•c. %C2

(CIntinued) CONDITIONS

_6. Excet as spcfically _r__ided otherwise in this license, the licensee saic_c^.nduct its program In 'accordance with the statements, representa*ticns, and
procedures contained in the documents including any enclosures, list;-• telow.

The Nuclear Regulatory Comission's regulations shall govern unless the
statements, representations and procedures in the licensee's app icaic,
and correspondence are more restrictive than the regulazicns.

A. Letter dated August 27, 1986
F. Radiation Safety Ccde and Quality Control Manual dated Augus:, "
C. Letter dated May 14, 1987

;!

F r t.I

a fI
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I

rFor t~g 14.S. Nuc .'ear RegL at:ry Comnis.sir.

feZirc '7 e~in =
•• ~ King of Prussia, Penr.~ylvania ".;±c5
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ENVIRONMENTAL IMPROVE.MEN1T:DIVISICN
RADIOACTIVE MATERIAL LICE.NSE

HEALTH muo DMRCNMENT

Pursujant to the New Mexico Radiation Protection Act of 1971. and the Radiation Protection Regulations Part 3. and in reliance on
statements and reoresentations fleretotore mnade by the licensee designated. below. a license is hereoy issued aucthorizing sucn-
licensee to transfer, receive. possess and U3e the radioactive matenal(s) designated below: and to U38 3Uc.t1 raeicac:ive mnaterais
for the purpose34s) and at the place(s) designated below. This liCeMSe is subject to all OPplicablte rules. regulations. ana orders flow
or hereafter in effect. of the New Mexico HED Environmental Improvement Division and to any conditions soeCfiec: tefcw.

L. UCEt45E! NAME 3. U.CENSE NUMBER

TMA /Eberl joe N'M-TrMA--CL-00
I& ACORE.5 4. 1XPIRATION OATZ

5635 Kircher Blvd., NE October 31, 1992

*Albuquerque, New Me5o870. PREVIOUSIOTHER UCINSE NUMBER

NM-EBE-BL

.2b. TELECP9MONE N4O. Zc. AC7JAL. L.OC.ATION OF OPIERATION Dsmt7
(505)345-19931 5635 Kircher Blvd., NE, Albuq., NM 87109 (Admin., oimty
(505)345-3461 Health Phys.), -7201 Pan American HWY., Albuq. (Lab. Facilities)

L A~iA00C-7VE .'IAT ERIALS 7. OXEMICA11. or P?4YSIC.L. FORM 5. MAXiMUMA OuANTiTY Ute~nsoo may Coss~es

(.larmnIn and mau numoerl at any one time

A. Any radioactive materials A. Any. A. -Not to exceed 20
between atomic numbers I mi~llicuries per

Wand 83, inclusive. radionucl_-de, exceor::

Hydrogen 3. 5 curies
Cobalt 60. 10 curi~es
Krypton 85. - 2 curies
Strontium 90. 1 curie
Xenon 133.* 1 curi e
Promet~hium 147. 1 curie

B. -Neptunium 2.37. and 239. B. Any. B. 20 millicuries.

C. Americium 241. C. Any. C. Ten curies.

..D. Americium 243. D. Any. 'D. 20 millicuries.

E. Radium (any isotope) E. Any. . E. One millicurie.

F. Actinium (any isotope) F. Any. F. One millicurie.

G. Protactinium (any isotope) G. Any. G. One millicurie.

ff10 017 Nevis"a 1/114



ENVIRONMENTAL IMPROVMMENT D ISION

RADIOACTIVE MATMIAL LICE1SZ

iEALTH A ENRCONME?4T

License Number NM-TMA-'GL-0O

H. Any radioactive material H. Any. H. One millicurie total.
with atomic number greater
than 95.

I. Uranium 235. I. Any. I. Two grams (4.4 micro-
curies),

J. Uranium 233. J. Any. J. 0.01 grams (94 micro-

curies).

K. Plutonium 239. K. Any. K. 30 grams (1.8 curies).

L. Plutonium 238. L. Any. L. 0.1 gram (1.7 curies).

S . Plutonium (all isotopes M.- Any. M. Two grams (maximum of
other than 238. and 239.). eight millicuries).

N. Polonium 210. N. Any. N. Five microcuries.

0. Depleted uranium. 0. Metallic 0. Not to exceed 12 kilo-
(99.8 percent grams.
U-238).

P. Californium 252. P. Sealed source P. One source not to exceed
(Isotope 50 microcuries.
Products Model
No. N-252-3).

Q. Cesium 137. Q. Sealed sources Eight sources totaling
(Eberline 180.362 curies contained
Instrument Corp. in a single shield.
Model No. 1O00B Individual sources are:

100 microcuries.
28 millicuries.

7.9 millicuries.

158 millicuries.
292 millicuries.

3.1 curies.
7.8 curies.

- 169 curies.



ENVIRONMENTAL I2PROVMM= DIVISION

IRADIOACTIVE MATERIAL LICZNSE

iEALTH - EN•VRONmENT

License Number NM-TMA-GL-00

R. Cesium 137. R. Sealed source R. Not to exceed eight
(Troxler millicuries.
Encapsulation
Dwg. No. A-102112).

S. Americium 241./Beryllium. S. Sealed source S. Not to exceed 40 milii-
(Troxler curies.
Encapsulation
Dwg. No. A-102451.

T. Thorium 230. T. Any. T. Not to exceed 30
microcuries.

U. Americium 241. U. Calibration and U. As stated in sub-item C.
reference sourde
DNS-5.

V. Barium 133. V. Calibration and V. As stated in sub-item A.
reference sources
S-2, S-3 and CS-18.

W. Carbon 14. W. Calibration and W. As stated in sub-item A.
reference source
CS-4A.

1. Cesium 137. X. Calibration and 1. As stated in sub-item A.
reference sources
CS-7A, CS.7B, CS-21
and CS-23.

T. Cobalt 60. Y. Calibration and Y. As stated in sub-item A.
reference.source
DNS-6.

Z. Depleted uranium. Z. Calibration and Z. As stated in sub-item 0.
reference source
DNS-26.

AA. Hydrogen 3. AA. Calibration and AA. As stated in sub-item A.
reference source
CS-14.

*,r
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PRADIOACTIVE MAT.TZAL LICENSE

.iENATH o.. ENVMRCMw1T

License Number NM-TMA-GL-O0

BB. Plutonium 239. BB. Calibration and BB. As stated in sub-item "C.
reference sources
CS-1, CS-3, DNS-1,
DNS-7, DNS-16,
DNS-16S, DNS-21S,
S-S94-1 and S-94-4.

CC. Strontium 90/Yttrium 90. CC. Calibration and CC. As stated in sub-item A.
reference sources
CS-19, CS-20,
CS-22, CS-24, DNS-2
and DNS-14.

DD. Technitium 99. DD.- Calibration and DD. As stated in sub-item A.
reference sources
CS-13, DNS-3,
DNS-12, DNS-13,
DNS-18, DNS-19, S-4,
S-5 and CS-13.

EE. Tec.hnitium 99/Thorium 230. EE. Calibration and EE. As stated .in sub-item A
reference sources for technitium and as
DNS-8 and DNS-9. stated in sub-ite. T.

for thorium.

FF. Thorium 230. FF. Calibration and .FE. As stated in sub-item T.
reference sources
CS-IO, Cs-II,
CS-12, CS-15, CS-16,
CS-17, DNS-4, DNS-11
and S-1.

9. AUTHORIZED USE (Unless otheru'ise specified, the authorized place of use is
the location stated in Item 2c. above)

Licensed material shall be used only at:

7201 Pan American Hwy., N.E., Albuquerque. New Mexico 87110;
5635 Kircher Blvd., N.E., Albuquerque, New Mexico 87109, and

4
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License Number NM-TMA-GL-00

temporary job sites as specified in Condition 16. of this
license.

A. through M. For use in research and development, calibration, demonstration and
training, manufacture of calibrations and reference sources for
distribution to authorized recipients, leak testing and radiochemis:7
applications.

N. For use as a tracer in chemical analysis.

0. For the manufacture of cal•bration or reference sources for distribution to
authorized recipients.

P. For use as a training aid during instruction iA the operation and interpretation
of neutron measuring instrumentsr-

Q. For use in calibration of instruments and lithium fluoride chips used in therzo-
luminescent dosimeters.

"R. and S. For use in Troxler 3400 Series Density/Moisture gauge used for neutron
spectrometry calibration studies.

T. For the manufacture of calibration or reference sources to authorized recipients.

U. through FF. Manufacture and distribution of calibration and reference sources to
persons generally licensed to receive such sources in accordance with
New Mexico Radiation Protection Regulations 3-220 D or equivalent
provision of regulations of the U.S. Nuclear Regulatory Commission or
any Agreement State.

10. The licensee shall comply with the provisions of Parts 3., 4., and 10., New Mexico
Radiation Protection Regulations.

11. Radioactive materials shall be used by or under the direct supervision of
individuals deemed qualified by the Corporation's Isotope Committee. Names
and evidence of training of these individuals shall be kept on file for
inspection by this Division.
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License Number N-TRA-GL-O0

12. The Director of the Division or his authorized representatives shall be allowed
to encer the premises and inspect the radiation related activities at all tises.
Failure of the licensee to admit the Director or his authorized representatives
shall constitute grounds for issuance of an immediate cease and desist order.

13. A. (1) Each sealed source acquired from another person and containing licensed
material, other than Hydrogen 3, with a half-life greater than thirty
days and in any form other than gas shall be tested for contamination
and leakage prior to use. In the absence of a certificate from a
transferor indicating that a test has been made within six months prior
to the. transfer, a sealed source received from another person shall not
be put into use until tested.

(2) Notwithstanding the periodic leak test. required by this condition, any
licensed sealed source Is exe=pt from such leak tests when the source
contains 100 microcuries or less of beta and gamma em.itting material or
10 microcuries or less of alpha emitting material.

(3) Except for alpha sources, the periodic leak test required by this
condition does not apply to sealed sources that are stored and not being
used. The sources excepted from this test shall be tested for leakage
prior to any use or transfer to another person unless they have been
leak tested within six months prior to the date of use or transfer.

B. Each sealed source fabricated by the licensee shall be inspected and tested
for construction defects, leakage, and contamination prior to use or transfer
as a sealed source. If the inspection or test reveals any construction
defects or 0.005 microcurie or greater of contamination, the source shall not
be used or transferred as a sealed source until it has been repaired,
decontaminated and retested.

C. Each sealed source containing licensed material, other than Hydrogen 3, with
a half-life greater than thirty days and in any form other than gas, shall be
tested for leakage and contamination at intervals not to exceed six months
except that each source designed for the purpose of emitting alpha particles
shall be tested at intervals not to exceed three months.

D. The test shall be capable of detecting the presence of 0 005 microcurie of
radioactive material on the test sample. The test sample shall be taken
from the sealed source or from the surfaces of the device in which the
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sealed source is permanently or semi-permanently mounted or stored on which
one might expect contamination to accumulate. Records of leak test results
shall be kept in units of microcuries and maintained for inspection by the
Division.

E. If the test required by paragraph A. or C. of this condition reveals the
presence of 0.005 microcurie or more of removable contamination, the license
shall immediately withdraw the sealed source from use and shall cause it to
be decontaminated and repaired or to be disposed of in accordance with
Division regulations. A report shall be filed within five days of the test
with the Radiation Protection Bureau, Environmental Improvement Division,
P.O. Box 968, Santa Fe, New Mexico 87504-0S68.

14. The licensee shall furnish each general licensee to whom such sources are
transferred a copy of Part 3-220.D., New Mexico Radiation Protection
Regulations. The licensee may substitute for Part 3-220.D., the equivalenc
provisions of U.S. Nuclear Regulatory Commission or other Agreement State
regulations for recipients under U.S. Nuclear Regulatory Commission or other
Agreement State regulations for recipients under U.S. Nuclear Regulatory
Commission .r other Agreement State jurisdiction.

15. The storage container for each sealed source distributed under this license
shall be provided with a durable label containing the radiation symbol in
conventional colors (magenta or purple on yellow background), the words
"CAUTION - RADIOACTIVE MATERIAL", the name of the manufacturer and the
following statements or substantially similar statement:

A. The receipt, possession, use and transfer of this source, Mode!
Serial , are subject to a general license and the
regulations of the U.S. Nuclear Regulatory Commission or of a State with
which the Commission has entered into an agreement for the wxercise of
regulatory authority.

B. Do not remove this label.

16. Calibration and reference sources listed in sub-items U. through FF. may be
used at temporary job or training sites by the licensee, provided the licensee
maintains an inventory and date and place of use, on record, for inspections by
the Division.je
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17. No source distributed under this license shall contain more than five micro-
curies of Americium-241 or Plutonium.

18. Except for plutonium contained in a medical device designed for individual
human application, no plutonium, regardless of form, shall be delivered to a
carrier for shipment by air transport or transported in an aircraft by the
"licensee- except in packages the design of which the U.S. Nuclear Regulatory
"Commission has specificallyý approved for transport of plutonium by air.

19. Except as specifically provided otherwise by this license, the licensee shall
possess and use licensed material described in Items 6., 7. and 8. of trhis
license in accordance with statements, representations and procedures
contained in the following:

A. Application for New Mexico Radioactive Material License Number
N?-EBE-GL-O0, dated December 16, 1976, signed by Eric L. Geiger.

B. Additional documentation supplied by Eric L. Geiger on April 7 and
June 23, 1977.

C. Application dated October 29, 1985, signed by Roger Herd and Dara L.
Greiger.

D. Application dated June 25, 1986, signed by Nels Johnson and Dara L.
Greiger.

"For t~he New Mexico HED Environmental Improvement Divisicn

DATE November 6, IPF7 BY
- 'ito J. GarciA, Program Manager
Licensing and Registration Section
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Science Applications International Corporation
An Employee-Owned Company

March 16, 1990

Ms. Donna Collins
SAIC
14062 Denver West Parkway
Building 52, Suite 250
Golden, Colorado 80401

Dear Ms. Collins

This letter is to confirm my position, as outlined by our
phone conversation, regarding the use of our Rockville
Maryland Radioactive Material License Number MD-31-076-01 at
the Air Force site in New Jersey during 1989. The license
is very specific as to the use of various sources and the
location where such sources can be usea. Three such sources
may be used in locationsother than the Rockville laboratory
and they are Cesium-137, Thorium-228 and Nickel-63. On page
5 (of 9) of the license under "Authorized Use" is the
Thorium-228 source, used for calibration of radiation
measurement instrumentation. This Thorium-228 sealed source
is the only source supplied by the Rockville lab to the Air
Force site in New Jersey. As you can see, we can not assume
responsibility for any other sources that may have been used
there. Please, as requested by phone, notify the Air Force
and any others concerned of our position and
responsibilities regarding this matter.

If you have any questions, please feel free to call me at
301-977-4480.

Sincerely,

SCIENCE APPLICATIONS INTERNATIONAL CORPORATION

Edg'ar D. BarefoOt
Radiation Safety Officer
Utility Service Operation MAR 191

3 Choke Cherry Road. Rockville. Maryland 20850 (301) 977-4480
CWr SAC Oflke: Ab&guW t- SaUM" COWS- S-V& -aP- M-yti MIS VOW LWh Anadea. &ALf. Oak Ajo. orarOmn. Pata AMt. San C49O. SeaM. ru.~
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A ISTANT SECRETARIAT POR
TOXICS, ENVIRONMENTAL tSCIENCE AND HEALTH

CENTER FOR RADIOLOGICAL HEALTH
RADIOACTIVE MATERIAL LICENSE

In accord~rce with ap.plicat•cn dated February 28, 1986, Radioactive Pap 1 of . pL es
Material License MD-31-076-01 Ws amended in its entirety.
Pursuant to the Maryland Radiation Act, and in reliance on statements and representations heretofore made by the licenh.., a license
Is hereby Issued authorizing the Ilcensee to receive, acquire. possee and transfer radloactive material listed below, and to use such
radioactive materlui for the purpose(s) and at the place(s) designated below, This license Is subject to aJI applcatble rule, regulattons
and orders of the Maryland State Department of the Environment, now or hereinafter In effect anda to any conditions specified be~cw.

UCENSEE 3& Licoe No.

1. Name Science Applications MD-31-076-01
International Corporation 4. Amendment No.

L Addres 3 Choke Cherry Road 24
Rockv1lle, Maryland 20850 5

._ March 31, 1993

S. Radioactive material (element and mass 7. Chemical and/or physical form 8, Maximum amount cf radicacttviy wnicn
numbelr - licensee may poesess aI any -ne time

A. Berylium-7 A. Any A. One millicurie
9. Sodium-22 S. Any B. One millicurie
C. Radium-228 C. Any C. One millicurie
0. Kydrogen-3 D. Any 0. One curie
E, Carbon-14 E. Any E. One curie
F. Phosphorus.32 F. Any F. One millicurie
G. Sulphur-35 G. Any G. 100 mllicuries
H. Chlorine-36 H. Any H. 100 millicuries
I. Chromium-SI 1. Amy I. One curie
J. Mangarnese-54 J. Any J. 100 millicuries
K. Iron-55 K. Any K. one curie

0. AuW',ttd Use

A thru KXXX Contained In samples received for analysis; tracer in radiochemical
separations; except standard or reference material; calibration of instruments
and analytical methods D00IPPP) development.

MO _ ___



DIVISION OF RADIATION CONTROL

RADIOACTIVE MATERIAL LICENSE

SupOlementOIY Sheet
Uconse No. MD-31-076-01 I Amendment No. 24

CONT'D

6. Radioactive material 7. Chemical and/or a. Maximum amount of
(element and mass physical form radioactivity which
number) licensee may possess at

any one time

L. *Cobalt-57 L. Any L. 100 millicuries

M. Cobalt-58 M. Any M. 100 millicuries

N. Nickel-59 N. Any N. 100 milllcuries

0. Iron-59 U. Any 0. 100 millicuries

P. Cobalt-60 P. Any. P. One curie

B Q. Nickel-63 Q. Any Q. One curie
R. Nickel-63 R. Sealed source (Valco R. No source to excee-1

Model No. 140 BN) 5 millicurles;
Total possession
100 millicwries

S. Zinc-65 S. Any S. !00 millicuries

T. Krypton-85 T. Any T. One curie

U. Strontium-89 U. Any U. 10 millicuries

Y. Strontium-90 V. Any V. 10 millicuries

W. Yttrium-90 W. Any W. 10 milllcuries

X. Rioblum-94 X. Any X. 10 millicurles

Y. Nioblum-95 Y. Any Y. 100 milllcuries

Z. Zirconium-95 Z. Any Z. 100 milllcuries

go Autnorlzed use

T. In addition to above, also for testing the efficiency of various absorbers for notle
gas retention.

Mum).,{• ( map)•Wl-.

• . .4 l l il I I I l
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DIVISION OF RADIATION CONTROL

RADIOACTIVE MATERIAL LICENSE

Supplementary Sheet
License No. MD-31-076-01 Amendment No. 2

CONT'D

6. Radioactive material 7. Chemical and/or 8. Maximum amount of
(element and mass physical form radioactivity which
number) licensee may possess at

any one time

AA. Calcium-45 AA. Any AA. 100 millicuries

BB. Scandlum-46 BB. Any 85. 100 millicuries

CC. Selenium-75 CC. Any CC. 100 millicuries

DO. Cobalt-56 00. Any DS0. 10 millicuries

EZ. Yttrlum-88 E-.. Any- EE. 100 milllc:ries

FF. Strontium-85 FF. Any FF. 100 millicurles

GG. Cerlum-139 GG. Any Gi. 10 milllcuries

NH. Bismuth-207 HH. Any HH. 10 millicuries

I1. Barium-133 I1. Any II. 10 millicuries

JJ. Barium-13.3 JJ. Sealed source (Amersham JJ. 10 millicuries
Model BOC.800 series)

KK. Lead-210 KK. Any KK. 10 millicuries

LL. Molybdenum-99 LL. Any LL. 100 millicuries

MM. Technestum-99 MM. Any MM. 100 millicuries

NN. Ruthenium-103 NN. Any NN. 10 milllcuries

00. Ruthenlum-106 00. Any 00. 10 millicurles

PP. Silver.110a PP. Any PP. 100 millicuries

QQ. Tin-113 QQ. Any QQ. 10 millicuries

RR. Ant•liony-124 RR. Any RR. 10 millicurles

SS. Antimony-125 SS. Any SS. 100 mlllicuries

Date -
- aI0W
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DIVISION OF RADIATION CONTROL
RADIOACTIVE MATERIAL LICENSE

Supplementar'y Sheet

Lic en se No. M - 1 0 - 1[Amendment ~o, 2

CONT'D

6. Radioactive material 7. Chemical and/or 8, Maximum amount of
(element and-mass physical form radioactivity which
number) licensee may pcssess a:

any one tim

TT. Iodlne-125 TT. Any TT. 10 millicuries

UU. Xenon-127 UU. Any uU. 10 millicuries

VV. Iodine-129 VV. Any VY. 10 millicuries

WW. Iodine-131 WW. Any WW. 10C rnilicuries

XX. Iodine-133 XX. Any XX. 100 milllcuries

YY. Xenon-133 YY. Any YY. One curie

ZZ. Cesium-134 Z2. Any ZZ. One curie

AAA. Iodine-135 AAA. Any AA. 100 miliicvrtes

BOB. Ceslum-136 B8O. Any BBS. One curie

CCrC. Cesium-137 CCC. Any CCC. One curie

ODD. Cesfum-137 0OD. Sealed source (Amersham ODD. 2.6 curies
Model CDC,800 series)

EEE. Barium/Lanthanum-140 ErE. Any EEL7. 10 millicuries

9. Authorlzed use

"T.&WW. Also used for testing the efficiency of radiolodine absorbers and studying :ve
behavior of radioiodine.

UU.SYY. Used for testing the efficiency of various absorbers for noble gas retention.

ODD. For use In A•del Model AM 624/20 on-pipe density gauge.

Osi--'.
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DIVISION OF RADIATION CONTROL
RADIOACTIVE MATERIAL LICENSE

Supplementary Sheet

Ucense No. MO-31-076-01 Ame ent No. 24

CONT'D

6. Radioactive material 7. Chemical and/or 8. Maximum amount of
(element and mass physical form radioactivity which
number) licensee may possess at

any one time

FFF. Cerium-141 FFF. Any FFF. 100 milllcurles
GGG. Cerium-144 GGG. Any GGG. 100 millicurles
HIH. Polonium-209 HHH. AyV HHH. One millicurie

* !!I. Polonium-210 III. -Any III. One m111ic:rie
JJJ. Radium-226 JJJ. Any JJJ. 10 miilicuries
KKK. Cadmium-109 KKK. Any KKK. 100 mill curies
LLL. Promethium-147 LLL. Any LLL. 100 mil1icuries
MMM. Europium-152 MMM. Any ,IMM. 10 mill icuries
NNN. Mercury-203 NNN. Any NNN. 100 millicuries
000. Lead.203 000. Any 000. 10 millicuries
PPP. Thorium-228 PPP. Sealed source (Isotope PPP. No source to excee.

Product Lab Model 2460) 15 microcuries;
10 millicuries :ot"

QQQ. Thorium-228 QQQ. Any QQQ. One millicurie
RRR. Thorium-230 RRR. Any RRR. One millicurie

555. Thorium-232 SSS. Any SSS. One millicurie

TTT. Uranium-233 TTT. Any T7T. One milicurie

9. Auviorize use

PPP. Used only for calibration of radiation measurement instrumentation.

Dal



DIVISION OF RADIATION CONTROL
RADIOACTIVE MATERIAL LICENSE

Su~ppemintmr sliest

CONT'D

6. Radioactive material 7. Chemical and/or 8. Maximum amount of
(element and mass physical form radioactivity which
number) licensee may possess at

any one time

UUU. Uranium-235 UUU. Any UUU. One millic-irie

VYY. Plutonium-236/ VVY. Any YVV. One millici~rie
Urani un- 232

WWW. Neptiinium-237 WWW. Anty WWW. One millicurle

XXX. Llranium-232 XXX. Any XXX. One millicizrie

YYY. Uranium-234 YYY. Any YYY. One millicurie

ZZZ. Plutonium-238 ZZZ. Any ZZZ. One nililicirie

AAAA. IUranium-238 AAAA. Any AAAA. Ore millicuirie

5558. Neptunium-239 5858. Any 5558. One mullicurie

CCCC. Plutonlum-239, 240 CCCC. Any CCCC. One millicurie

0000. Plutonlum-241 0000. Any 0000. One millicurie

HUEE. Anriclum-241 EEEE. Any EEEE. 10 mil Vicu;ries

FF-FF. Americium-241 FFFF. Sealed source FFFF. 10 millicuries
(Amsrsham Mo~del
AKC. 26)

&GGGG. Curlum-242 GGGG. Any GGGG. One mill icurie

HHI*I. Plutonium-242 HHHH. Anty HHHH. One millicurie

1111. PAuriciu*-243 1111. Any 1111. One mill icurie

JJJJ. Curlum-243. 244 JJJJ. Any UjJJ. One millicurie

0at.

L = ~ 5r
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DEPARTMENT OF THE ENVIRONMENT
ASSISTANT SECRETARIAT FOR

TOXICS, ENVIRONMENTAL SCIENCE AND HEALTH

CENTER FOR RADIOLOGICAL HEALTH
RADIOACTIVE MATERIAL LICENSE

Supplementay Shoot

U~cons No. D-31-076-01 T Amedment No. 2

CONT'D

6. 'Radioactive material 7. Chemical and/or 8. Maximum amount of
(element and mass physical form radioactivity which
number) licensee may possess

at any one time

KKKK. Any radioactive KKKK.. y KXKK. 10 millicur•es
material other than
source material, or
alpha emitting
material not listed
above, except special
nuclear materials
In quantities as
defined In Sec•tion A
of COMW 10.14.02.01

I;OND ITION3

10. The authorized place of use is the licensee's address stated In Item 2

(a) item R, JJ, and FFFF may also be used at 16835 Oakmont Avenue, Gaithersburg,
Maryland 20877;

(b) itms 000 and PPP may also be used at temporary job sites throughout Maryland.

11. The radiation protection program shall be under the supervision of Edgar 0. Barefoot.

B. Radioactive material shall be used by, or under the supervision of Edgar D.
Barefoot, Linnea Coffey, Kelvin L. Wright, Mark Bierman, James E. Cline, Scott S.
Hay,-Sun G. Lee, David M. Tondi, Robert Lubaszewski, Charles J. Marcinkiewicz-,
and/or Kathy Strauss.

FOR THE MARYLAND DEPARTMENT OF THE ENV11ONMENT1

ADMINISTRATOR. CENTER FOR RADIOLOGICAL HEALHTX

l ! II I ý
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DIVISION OF RADIATION CONTROL
RADIOACTIVE MATERIAL LICENSE
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Supplementary Sheet
Uicense No. !4D-31-076-01 A Amendmenet No. 2

CONDITIONS CONT'D

12. The licensee shall comply with provisions of Part D. "Standards for Protection Against
Radiation" and Part J, "Notices, Instructions and Reports to Workers; Inspections" of
the Maryland Regulations 10.14.02.01 "Regulations for Control of Ionizing Radiation".

13. A. Each sealed source containing radioactive material, other than Hydrogen-3 witn a
half-life greater than thirty days and in any form other than gas shall be teste: for
leakage and/or contamination at intervals not to exceed 6 months. In the ansence 0,
a certificate from a transferor indicating that a test has been made within six (&)
months prior to the transfer, the sealed source shall not be put into use until
tested. If there is reason to suspect that a.sealed source might have been cia::,or might be leaking, it shall be-tasted for leakage before further use,

B. The test shall be capable of detecting the presence of 0.005 microcurie of
radioactive material on the test sample. The test sample shall be taken from in=
sealed source or from the surfaces of a device in which the sealed sour.e is
permanently mounted or stored on which one might expect contamination to accru. :

C. Records of leak tests shall be kept in units of microcuries and maintained for
inspection by the Department.

0. If the test reveals the presence of 0.006 microcurie or more of removable
contamination, the licensee shall inmnediately withdraw tne sealed source frc -. --
shall cause it to be decontaminated and repaired or to be disposed of in ac::r-4':•
with Department regulations. A report shall be filed within five (5) days of
test with the Administrator, Center for Radiological Health, 201 West Preston ,
Baltimore, Maryland 21201 describing the equipment involved, the test results, a-e.
the corrective action taken.

E. Test for leakage and/or contamination shall be performed by Edgar 0. Barefoot .,'
Scott Hay or by other persons specifically authorized by the Department, the U.S.
Nuclear Regulatory Commission or another Agreement State to perform such servi:-.s.

14. Seal•d sources containing radioactive material shall not be opened.

Date
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RADIOACTIVE MATERIAL LICENSE

Supplement"ry Sheet
1.icense No. MD-31-076-01 Amendment No. 24

CONDITIONS CONT'D

15. Radioactive material shall not be used in or on human beings or in products distributed
to the public..

16. Except as specifically provided otherwise by this license, the licensee shall possess
and use radioactive material authorized by this license in accordance with statements
representations, and procedures contained in application dated February 28, 1986,
letters with attachments dated June 18, 1987 and December 29, 1987, and SAIC procedures
received June 22, 1987, July 8, 1987, October 30, 1987, November 4, 1987, November .6,
1987, February 8, 1988 and February 16, 1988. COMAR.1O.14.02.01 "Regulations for' Control of Ionizing Radiation" shall govern the licensee's statements in applicationns or
letters, unless the statements are ore restrictiie than the regulations.

FOR TIM 77~A~ Z~~

. Fobra-- r26, 1988 Z . ý x

C-F/wc h."ALTH
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ASSISTANT SECRETARIAT FOR

TOXICS1, ENVIRONMENTAL SCIENCE AND HEALTH
CENTER FOR RADIOLOGICAL HEALTH

RADIOACTIVE MATERIAL LICENSE
Page o.. of . pages

Supplmentary Shoot

Wo No. MD-31-C76-01 A metNo. 2s.

Science Applications Internaticnal Corp.
3 Choke Cherry Road
Rockville, Maryland 20850
.n aoccrdance with letter Utoe November 16, 1,89 Radloac:±ve Xaterial License Ný=.er

D,-31-076-01 13 amended as follcws:

To Add:

6. Radioactive material 7. Chemical and/or B. Maxim: amcurn. e .
(element and -as3 phyuical -.r7 raditacti; icy "•ich
n'=e.r licensee may ;ossess

at a-y one tize

0000. Callfor-.u=-249 OCO. Any CCOC. Cne _i-•s''c.

?F??. Cali.ornium-250 .. P.. Any P .... One illicura.
=Q. Califcrnium-25. =Q. Any C,4,.^^% One .,,C,'Url. e

9. Autnorized use

OCCO. Contained im sample received fcr analysis.

?.-?1. Contained i.n samzle received for ana1ys3s.

Z . Contaited in sample received for ana-1s7s and as a tracer to quan.•:. ca.:.i=
analyses.

Condi~tion 111 is a=ended to read:

'1. B. Radoac1.tve aterial s3h&:. "e used by, cr under t•.e su;erv'sicn of .iagr Z. ar*e.:c.,
Kelvin L. wrigr.t, mark f. e'erman, James !. Cline, Sco:t S. "ay, Dav.. m. .•o;di",
P.icnard L. ^Icll.s, 7.dvard J. Zurn, Faride. McgnPadaxl, and/or Cn-arles J.
Marcinkiewicz.

FOR THE MARYLAND DEPARTMENT OF THE ENVIRONMEN7

Oae Non~29, 1989 66tiJ :
AOMINISTRATOR, CENTER FOR RACIOLOICAL HE.AALTM

MD6Pm¶"(aim.) (313 --
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RADIOACTIVE MATERIAL LICEN$E

Supplementay Sheet
ucense No. Amendment No.

MO- 31-076-03.2

Science Applications International
Corporation

3 Choke Cherry Road
Rockville, Maryland 20850

In order to correct errors on Nnendment 24 Radioactive Material License Number
MD-31-076-01 is amended to read:

Item &JJ: No source to exceed 10 millicuries

~ Item 8FFFF: No source to exceed 250 m~llicuries

Condttion 16 is amended to add:
16. Procedure SAIC 13g-4-002 Revision Number 1, issued February 22, 1988 delivered P t:e

Center for Radiological Healt.h March 10, 1988.

Tkwa £ TL AiVYAND 77.J TIM

sto. Maxr1h 4-, 1988
•eR /& ...



DEPARTMENT OF TH4E ENVIRONMENT
ASSISTANT SE9CITARIAT FOR

TOXICS, ENVIRONMENTAL SCIENCE AND HEALTH

CENTER FOR RADIOLOGICAL HEALTH
RADIOACTIVE MATERIAL LICENSE

Supplementary Sheet
LioWM No. MD-31-076-01 Aniendment No. 2-6

Science Applications International
Corporation (SAIC)

3 Choke Cherry Road
Rockville, Maryland 20850

In accordance with letter dated May 13, 1988 Radioactive Material License Number
MlD-31-076-01 is amended to read:

Condition IOA:

tO. A. SAIC authorization for operationg-at 16835 Oakmont Avenue, Gaithersburg, Maryland
20877 are hereby removed from this 11cense.

Condition 11B:

11. B. Radioactive material shall be used by or under the supervision of Edgar 0. Baref:•,z.
LInnea Coffey, Kevin L. Wright, Mark Bierman, James E. Cline, Scott S. Hay, Dav '.

Tondi, and/or Charles J. Harcinkiewlcz.

FOR THE MARYLAND DEPARTMENT OF ThE ENVIRONMENT

a. Au~st 4, 1988 _________________

# ova -ADMINISTRATOR. CENTER FOR RADIOLOGICAL HL-Al.

LN•. -U=j-1*W) (311M
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DEPARTMENT OF THE ENVIRONMENT
ASSIST1ANT 0ECMTAR.AT FOR

T'OXICII, ENVIRONMENTAL. CIICENCE AND HEALT'H

CENTER FOR RADIOLOCICAL HEALTH
RADIOACTIVE MATERIAL LICENSE

Supplomentavy Sheet

U.•No. MD-31-076-01 T ZtWmm-lnt'NQ, 27

Science Applications International Corp.
3 Choke Cherry Road
Rockville, Maryland 20850

In accordance with letter dated October 7, 1988 Radioactive Material License Number
MD-31-076-01 is amended as follows:

To Add Item 9R:

To be used in the manufacture and distribution of SAIC model 101A Fiuorotracer Analyzer
inder COMAR Section C.28(d) to general licensees in accordance with Section C.22(d) or
equivalent regulations of NRC or an Agreement State.

Delete the following soecial nuclear materials:

6. Radioactive material 7. Chemical and/or 8. Maximum &.moun: of
(element and mass physical form rad'oactivity w.ioC

number) licensee may possess at
any one time

TTT. Uranium-233 TTT. Any TTT. One miillicurie
UUU. Uranlum-235 UUU. Any UUU. One millicurle
VVV. Plutonium-236/ VVV. Any VVV. One mil14icurie

Urani um-232
ZZZ. Plutonium-238 ZZZ, Any ZZZ. One millicurie
CCCC. Plutonium-.239, 240 CCCC. Any CCCC. One millicurie
0000. Plutonium-241 DODD. Any DODD. One millicurle
HHHH. Plutonium-242 HHHH. Any HHHH. One millicurle

FOA THE MARYLAND DEPARTMiENT OF THE ENVIRONMENT

ADMINIST'tATOR, CENTiER FOR RADIOLOGICAL HEALTH
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DEPARTMENT OF THE ENVIRONMENT
ASSISTANT SECRETARIAT FOR

TOXIC$, ENVIRONMENTAL SCIENCE AND HEALTH
CENTER FOR RADIOLOGICAL HEALTH

RADIOACTIVE MATERIAL UCENSE
pop .... of .. LP

$upplementa'y SheetI

CONT'D

To Add:

6. Radioactive material 7. Chemical and/or 8. Maximum amount of
(element and mass physical form radioactlvity which
number) licensee may possess at

any one time

LLLL. Uranlum-235 LLLL. Any LLLL. Not to exceed 35C crams

MM. Urani a-233 %MHM. ky MM..o to exc-ed1. ;•C )ra!s
NNNN. Plutonium NNNN. Any NNNN. Not to exceed 2CC ;ra. s

9. Autmorized use

LLLL - NNNN Contained in samples received for analysis; tracer in radiocCemica'!
separatic is.

To Add Condition 17:

17. The so of ratios for all kinds of special nuclear material in combInation shli ncz
exceed one.

FOR THE MARYLAND DEPARTMENT OF THE ENVWRONMENT,

C?/a=- ADMINISTRATOR, CEWMR Fdft RADIOLOGICAL HEALTH

UWWOEmm (sum.) (31W)



MAP-3-19c_ 1?:21 FROM Battelle We.J. North TO 91-z,032788a'E1 P. 072

MANC Fisim -74
C5.4~~) U.S. NUCLEAR ~AEULAT CRY COMMZSZ:CN PC

MATERIALS LICENSE

* -r,-u-.n: to.zhe Atom~ic Encz:,, Ac: or 195,11 :s amenede:. the £~~yPcr2~:nA:of' i974 (Fui~c '"w 9-.
C.-ld or :e e~:~~r: C*-:z. 1. 30, 31. 32, 3.3. 3'4, 3S, 40 Ind 70, vid in r!ccr or tec ;:an -

meofr m:de by "-c lic:a.et. ic:1-tat is he-cby izzc_- juthonzi-ng fh !:z:1 ez::,e. accuire. ;c:c .~ :!:- b"-g
v! scurci, 'and szeci--i muc.1cz. ir.:w:I. d!:iz:=-ed bc~ow-; to usse such ntr: for the p.-a.efes vid :, h :!%ce, :ise ec*~

~jdeive:- or t~nnfe: -Uch mate-;; to ::s uthcr-,ez to re.:&.e it in :c~or.:with the ::.t:rso ~e::;:~ :::

uxIi~ns sh:11 be devnced to10t~ the rviicts .oedI~~i Secticrt 13: of t~he Atooe~c Env-. Ac: C., 1954.: :s zmnt :.it
c: sujict to all:;ic~i rutze. Zr~:insck orze:-: of the j4uc'i::: R.-c-: torr C oric no- or ie n c:f:: in Ic1-

%J1ANI2

< I Sattel ie Cciumbus 0-4visionr 3. Utc.-se nurroe:

.905 Kln-7 Avenuer N.

~: C.-urrn-us, Ohio 4121-5. Ar 1. .o10e or 92

c. 70

Z . y;rocd-c:. IOU-=. zrdc: . .7. Chc.ic .....hy:I . :

~t ~eci nic~~ n~ci * - f~n~ .,.. - m:v ;cs=e & :v r-

scecE! NuclearMatezrialf:: une.

West 3e-"Ferson Site~. * ,...

. A. U. a~niw' enricnec 4. n A ~.. -22 - ~c cL

-. 7adate,. t,.e as:c a t: E,;I

I; S. Uran, lurn ensrich.ed 'n. S. Any vCasc
the U-Z''. isotooe. cr e L-3

-lot

Principal isct:cel

< 1. ..

~ . PUranium enriche i. E, e An E. 50 crans c
eriUc7o25 isotcoe)U2-

(41 Wet JlretasomandX ncr*-enu e

F. Uraniu-(natu~ralh i. A Any E. 500 k~crams c

and decle~ed)'and
thcrium.

(Note: -Licensee is a tsc autcrized tO FCSSess any sc;;r-e mater~a", that
ia ~cnan nte irradiated uraniun, of item A abcve.)
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MiATERI!ALS LICENSE ~o .'.1:~mr~t.

.UPPI VAE.NTARY S;.:=7

West Jef-,eron Site

G. An:' byproduct Miterlal -. irrad~sated flue! G. r;,CO,00C
2material, activated; r1. .h
reictcr mater4,als i00,000 C41 0I inv
and componentcs oneraisce

I. Pniu~220through Qbelcw)

P r Ium Any CO C.
Ca I* Caornu4 -Z2 . Any %ZOO0 C.

0 C

L. hlc ine ~ o -~.~ ~ ~ > ~ . ,O C MV Ci

I moo

C. -N'Any~
^c CV 1

R. A y y r~ u : ma e~ a ~ . . .w -ievei rad i-0 *- S Ci
;ac:ve weste, n.if ~ . C a 4o .Any . C4

4 noAv e o au ~torie

T- Any tYp~-cduct Material T. Any 7. E00 C4 total, c
More t.an 2C Ci of
any one 7 cioisct:ce

4:
U. Iidui~2U. Seazled Source U. 10 C i



mA4R-13-1990 17:129 FROM Eattelle W.J. North TO 9- 1 -o--Z27S4S I P. 0-
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MATERIALS LICENSE Do=;o CC=:funv Z
SUJPP1_EAEN.ARY SIHEzET 7C- S

9. Authorited* Use.

a. For use in &c:-.r~anCa with statem~ents, reoresenza-:-;as andc
c:ntaine~ in the ftllcwina porz-iCnS o4 '%he 1-ICensae'S ac1!~
renewal (acL oce_ 1081) subinittad by le!*ttar dat-Sd oct:cber 4- 1
except as may be imodiifiedl by the conditions of tihis licer-se:

1. Paces vi tihrc:u~h xij, Introduction
2. Part I, License COnditions

* .Appendi;x A, Racicoicciul Safery Cci~eC*:,lr:.er

The effective paces c -'roso#.ha: c:i shaE .
Annex-Aute in is.c a- zched tc;- ica n e.

b. Oceratlcn of tie..Iclumne Reduc-.Icn Demonstr-ati.cn 'a-c:it, I 1c1In

a c _z r da nce w v"."'C:n di ia n 254 of this licanse. -

C. Ccnduct c,.rI~cteiqsdissigu.: xu-f2cre
ofcazo-~a~: Ccurnds at th`e ii~ Sa ga- Chic,ýýC

L1 CeS~ - .

10. Authorized Plac'E' eo, can %V I M

I a!" U C - c z - .

is described4 and pac". 4... 1-t ucn, -2.,
a:1c; ' te d~. Ie --I dazzec

The li ctnseess`aT-1t-71.w evI SLZ. Are

";..ce-'se Ccnditi-n, Tfr-Le:. Tesvintq-~..t1eo vrdu:Mi'r

.- -a'!e as U. S fc the Pu-28'ý s--e,--
a: suon tim as it -is re~ncve,,:Jr nts._stcraa .ý;ac:4za in the ýN-Z a2
Acr use or rnf.

12. Na ciltstard 44nc Tiab it:7. and Table IV presented in Pzr: 1, Sev:ic-s
r.o d f or lie re lease of% materi alls , equipment and favillties fcI-r

unrest-iczed use the licanset sahall adhere to6- th,ýe orcvislicns of.Anet
atztached to tliis li-canse, 'Gideli.-es for ecnaainoFa~ctii:.ýes
and E'.*,iptment Pricr, t: Release for Unrestricte-d Use" daze,.;l ~2

1.1 Item 9 above ir~ccr:crate oedxA(ailcr11Sf-yC,-te
of tht iese' eea applicati~cn (SCL-1-021) as a c-,ndlt:icr of tihe

14aset addfierscefully admini.-. c procacu-
rveacortyal and audist of ac:.44vjiies czvered by the liicane, as

dec.,e o n Sttc .2 and Secticn 2.0 of Part T. T.-e licenseae Mayl
Make revisior: -, ne pr:',isions of AcPendix A, based uccr. writ::n
eyaluat.ion of thle c6.ances, with:cut NRC aooroval if, i1t is eemndta

L..rmn,,;ta



MA I ZIALS LICE'S
S; P ?L S-% M N-4A AY Z jSS 70-8

13. continued

such chances will not decrease the ef-fectivenesS Of the Conr-mittee ~
carryi ng cut i ts funct-ions. Revisions to the Charter and suzoor-zinc
evaluations shall be subm-itted to the Director, Division of indc"WstraI& anoc
Medical Nuclear Safety, MRC, with a copy to the ^dins Wtr Reston .7.
Offi,1ce., NRC, Within 60 days floiiowinc such chances.

14- In additicn t~c th,ýe sub.Iects iden-ti-fled in Sec-tion 5.1. 1, Append'ix A,th
annual review and appraisal of facilities shall include an assesut-en: of
occupational radiatlion exposures -and r"i~~ses- of radioactive imateria I
over the past year with r-ecard --to, mainta1 n i rc ch exposures and r aIez- e
as lowa as is reasonab yv.% ' 'Vi b ie , a s s ta ted in..Sect'ion 20.11c), 10. CTL
Part 2-0.

1.Par-, 1, Secti on 2 ~f.tVhe I icenses Is application specif*.es when
Mandatory criticaHty-t-eyiews for new operattions ari5eqreciradbye
Nuclear SaeyS~nritsThe ra',iews by the-.Arulear' Sa-fety. Sut::nt-
imitzet Shall Inld (1)a-rýýInitiai analysi-s b-*',i,,'-n icv' *4Cu=~ qual.'-ec
in acc^.rdance wfith! 12 d!vs~~f$c 'n ec t41cr.'
(2) an irdecende.nt de-w*.as~~~'' - c .,Prt :;m
that the rieý.. dt:used in V -- nissr orvzit and 6h:i a h
results are corrac::; an ±-Tr~o 8r 1 a to'. yic~ nse:on~

i iv d i p rfct. ,e 11. c a ;nys ce c

envir:4r.1fet an araimeý:err, assumed, :nth anis-.r vi

15. Part 1.Sc In t' -.F..* B .:Ior-Erenewa r rvie or use of
X-THO as an ac :zcaole Criti ca'm ty A r& I v.5% m.e t~od- Prior :"ý-ý use c -. thiz

anlyicl eto'rnCea aa teaiacnsi urner.'th' s renswac
license, the licai .sevthaii Su c~n tac' 4i -- tz
Fart 11 or a newvA~~ x of itS use to NRC frarvl

11. Nt wit h sandi.ng thte I crnu'1a ini-Se-6-cicn4Z24 )o thýe ".ad`Aa:-.cn Sf
ar~ :: cater (A Opendi ATu~ T. Ci -6 I'cn fTr renewal),te

licensee shall use the Mcu 1a:
Gam~sU-235 Grams Pu

weeLis the mnass I ij.i t fr~om Table 1,Appendix A of th4e azcll~catjýr
for ~ -e'Drrit U-Z--3- enrich ent.

18. The licensee is hereby ewe~nPted fr~the provisions of Secticn1 70.14
.0 c,- part 70, inscfar as th.is section applies to scecial nucle-ar
material authorized under thil license Igor poss~ession" and use at th :
licensto's Kir.e Avenue Laboratories.
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10. The licansee shiall prcvidle three co pies each yeazr of its annual
,2nvirommenztal report to the Oireczor, Division of TndStr-iail and eil
Nuclear Safety, NRC, and a cogy t* the Adminfistrator, Region JII Offica,
NRC.I 

Il

20. SeC-.ions 2.1 and 21.10, Part 1 refer to provisions for train-ing and
periodic retraining. of ezolcyees, as accroorlate and related to amplicsee
work assinet I..& radioactiAve and f(isslornable materials. S'..C;
traininc Shall be ccnducoed, as appropria te, for new enioioyees anc mricr
to initiatino new operations approved by thie Radioiocical !-Afa:, --. -

Sevtion. 4.0, Part Lcotnt.e licensee's renewzl apc:cicro
tetext: or prey iuzame~.et i~e:Zd , the. -6a C tI,,,-l cl

Ma"aterialI Li-cens e .11o. MAM- and Eyprodu-ct Material U-cansi4o 2-ý5-.
For clarificiticr.ý:Zne'iŽis au.rt Po pe J 111re-ises in1~

radoatiit i~-th rot*-Czi Lacoraty vcI e-,t iees a oe ..e
ii n., fr routine ocerztlcr~,T, as r~~~c~ cin4 ~shrc

affirmned, tu : to th e f.I g I -In rvi s!=-
a. n e "ericc--tý-at noi~ ~a.eveis or,;.:radi-pZac.-v-iZV et'~~st

Ioo sna:not : F e ca 5 c a ys7 -we rz7ee r e..revj C v.u~

I. eor re scue as b ~ rv e'.~ 'I-or cr wa

tlhe re `4d e n i 7th 6j.za cu-n tc sc-'u r
cea.on ~`.Ss~ur o-"' e .s -

cic 'ae"5¶~r~esf prTocns;

c. The pool lid czlqe/ siall Ie in place durin.o dcwn timne and af t. a

a. Rad 4.at 1cn mc mon .- r ns wii beerec.t east tw.i ce weeil> arcundý
th1e peri meter of the Fool and rication levels wit! t.he cover in-

* ~place and %the ccver removed will be st;

e. Pool water samples will be collecteed and anal~yzed a: leazst week.,t; inc

te resin bags of *... columms will be reolaced when readinos C.
C10miR/1hour at cne fccot are reached.

The abocye provisilons, ex-.racted from the licensee's letter to the NRC cf.
October 31., 1960 elimi1nate the need for reference in this license 6:t; :4is
let:ar, wh~ich reques,.ad tZhe ncn-rcutirne operation-a! levels t: ac:=Cdaze
such ac:4iviti4es as Pool cle-aning and --,antan~nc.e, "mination and ma inc:e nnc
of Stzrace rack:o, and the handling of additional fluel assemb-lies.
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a~~~~A a icneesal moe
.. The l aicenseoicall fi 'nient, maintain, and exe-0te t~he res-6ornse mexSures

o-f his Rdoci1 Contincency Plan submitted to the Commision on
Marc-I 5, 1062. The licensee shall also maintain fimplementing procedures
Tor his Radiological CContingency Plan as necessvary toa iipieme~nt Plan.
This Radiological Contingency Plan and associated irnolemnentigpoeue
incorporate thýe emeraencyý planning requiremnents of 10 CF 7.22i as

It~hey refer to onsize pianning and notif *cation prccedures. The licznaee

shall i mak n chanceinhs do diolde lcals Cotingenocy Plan vne thtwuI
'1deres The riespnse all ea.-taivne rofrd ofh Plan withavt prior d ~ h

pplcan ith ro as liecd bya ictfor ameperiod oftwo yThes lrcansee dayte of
t ;sche andH Rahaloc~nihth :,e, zl yl Safety Ccranch

Docyali t ~ cnancs dinotonDC 25 andheevpcs te..Reict-vnezIN~rao
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'AR N Jc $g 37-SA U..Nuc:.LAR ARtC;JLA.XOY CMM_ ON Ar 7 CoCLC,

MATERMALS UCE. SE Do% at Rcrmcz~ nurnoc:9SJUPLE-MINTARY SHE~t7-

26. In addition to other applicable conditions of this license, cperation o

tshe Volumme Red4UCtion De-ornstration Facility ('IRDF) shall be in a:Orz .ance
with t~he following conditions:
a. Operation of the VP.DF shall not commence without a valid per-.It- or

permits issued therefor by the St-ate of Ohio Envisrcnientai Frctection
Agency and other perm,&its or .aut-horizations required by fedeýraj tl ~ s

b. Operation cf the MO: sahall he ccnduct'ad bv the i icansee In accr~. n-
with the conditions, satem1ents and reresetations c^nt!i~nea: 4ý e
appiica2clon for l Icanse enmn.~e.Aucust 12, -C-9 and reyl'Sicr.s

qdated Septemboer 22, 154,ý-anuary`47,LSEýj~anuar:/ 3, 15,2, and
i~a:~ ex en a s~' modifie. by corndlu~ons C2 this "cnse.

Th e icensee maY%:-aka hanqes in, te VROF, iAT.:pen n
described in tl~picatilon without licanse a.'.dc.enz prcv icec that
znv orodoosed on_,ance* does nct invclile (i) a ~oii~int :e~~ ~n
or Cnd'itionc -, oýr 10 of this license (f~ihfcrtices
in ra d41a t-jc.e: o su r e.q- emoi cy eas; aii ra.-'u ve-we-_ s a`E tv L e stiC

or iv a decreise in-,,effec iveness o VRDV~rtr luent trsszme.. sya.
A..evaiua*tý.in Shall 8 tKuie q r i data I -iace tc~z 17 -re':ie

requ i rin,amendmment *ts.*1 ,icaense.. r -n.v u:.o ,aiIerv4 .
and apprc7ec by t~e Heiah-*V~hK hyc SOTe -sor *c 6'he Rdc~c
safet C ' .m i t,:eaý:s *',nd a i. r c v .ae th-b.. L~ "- erii t.-C

tne~ ~ ~~; _.r. ,i~o cvsos
t Aec" nce,- .. *, nvqi .- C! , -r 4-: L49-I~ 07~'~.Cc5 r

r: d a' i n ev zc s~ u ~ rýzl micye avs; anr ,dre e.e - e': a~ eicnt.'c cr a
V eocrease in1fectt e r~.:e -e s:--. C - cna-.ce =,M

shaI I be dee to, lnvcl-ve a~'neee~aeycus: ~An ac:icer.:

I Icel see's A c eId I X'G , o r th e p roo a` Iiiiy 'af ocurfc r t-E tie4
of vens teree"'. ted is ,Judoed t: incra~ r(i ee~

Fcs:-Ii iity for- an ac:`t.Cntcf a ýdifte& type t-6 prvcsyeak a.
V.1 Re : r ds of- ev aluat I cns and approvaisCT cnances sr~ 1h a e iti

by the licansee.

c. The licensee shall not retain low-level radioact-ve waste in p;.ysic.'
inventory in the YRF either in the form. of inc-mrinc waste or enc-;rztLc:,

I; n behalf of custc-mers, freight fo--marders, carriers, brokers or t 6-e
licensee, for a per-Iod of time in excess o-f one yea r from tne timne of

*raceizz.

d. Th"e licensee shall lim:it release of iodine-1I2! in effluentcs xTrcm t;-e
YROF to not more than 0.010 curies per year. -he licansee shall -.iant::Th
administratIve control procedres and records ti achi~elve and de~cn~-tra:e

I t-at such ilmits have not been exceceded.

I jI
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25. continued

e. The lictnsee shall Use aporoprigate nmethcdS for the ccntinuous collec-
tion of caseCU-s hydrocen-1, czrlon-314 an~d iodine-1.2t saincles In YROF
a~irzor-se eTTILentS a.nd shall analyze such sanimpes on a dail~y basis
when industr-ifal and institzutional Waste cont-ainine these radioanuClices:
is being pr-oczsSed, an~d cn a weekly basis When other waste, including
waste from nuclezar Utilities, ils being rces. fonlyv nu~clezr
rea-ct!or waste Ais be Inc Processed, no samici Ina or ana lysi s for -2
is recuired.

a. i.e 14 cmnsesse! 1 n' SL-'anc- Coprt- &re'-tme c--r-,anuccusn r~tcr
or particulate radjcnuý!Iides in the VZDýi~cinerator c f-Cas dlScharcz
stack whenever the~incinerator is ocera-6i1ng IP-*.-i I-I oItCor slhall a -ncnuc.a.
inthe cont,^,ro cC**,m and shall alarm if concent-ra -tions c' excect-4

m~i.-Iures of parzic;.,lat-e radion~uclides should c~ed2 MChu.or
e ivaient,.usýrnc-.Aocendix- E, Tabie 11 vaue 10 - q-. 20.' T

ccntrol ro~h .e2o~ncsymanned d~uring, perteds when t",e
incinera:o,tr-ýs cceri-icin. ___I

C. The licanSee shall pre;a±~,art ncSU 0um, t to nI!. NR C ReconG-i Ad:-inistrt:cr
se~niannua;I. ai re~ ^., !deslan *a~1uicn c1 VY0 ceraios

Paeri~-.al~jinC1'1C ,Clle *1ie ntac. oa w, cc rz
-"anainc iý4e rec:;1; -.. ,*,-.iy

ma 6,e a1 i::ed-E ?es-6.21t. .~ ,l~oCera;;fons; ihe.e: ~r sz ae c r na i'be mcn~hs~aT~r-~r~z~ai; oerazc.,ac -o.hitr s
theraaaaer. *ýj

* h. The licensee sl&i'I i have ay-ailan e* ns:. -z~te -.ia ,,-r e r azeserat v e
frc-m the * .nrao vender ',-r' e,'-.i r s - ri; -:I.'as c•* 7--r: cier:

:1 -- ceraticn to asi`Ii'&'wjill ocerat~icns,- k.- -

1. The licensee shalla ", is a-1 4 a Xte .2_Cr pt h e m e as r 1cfa acos _ c n zr 0i
:1around tl : -; or p.-, icns pr~er~CT ToiI radiati4on oro:. :ec-.n c7

irndividuais In unrestricted areas.

j. The licensee shall test installed HERA filters used In the VMF afzer
initial instaiiazicn, at inzr~ais not to exceed six mcnths, and aftaer
filter change. Testing shall complyv with ANSI N101.1, ice y

Tesin of r-r.leanina Syszems Containing Devices for Rem-cyal of:1 Pa~cmes usin a Nold DOP" tes: with acceptance base,; en anefcec
of 99.95 percen~t or better.

:1k. The licensee shall monitor the environment surrounding the VROF fr
radionuclides processed t~herein, including hydraqen-3, cartcnK
and ic~dine-12.5 in air,1 water, scil and ve-etation.
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* 27. The licensee shall perform quarterly surveys, not toc exceed
A 4o noth s for radiatwicn, C ,tQamination anid intecrity of physic-al
barriers at the retisred Batzelie Reseirch Re=acz~r. R e C0rd -cA S O ScL
survieys sthall be maintained by the licensee.

22. The licensee shall cznduct! czntrolled field studies using cmr;-crn-*
labelled ccomounds irn acz:rdance witth the statem~ents and rcres=anz-ta~cn
co)ntain~ed in the licensee's aooiicition for amendiment submi~ttd by !ie::e-.=-
dated August -2, 19U8. I

-. ý-2Z

JAN ?1, IY: _ I
Date: _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Nd.i3 UCleir Saf~ety, NMS--
WahiotnDC 2055.
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Thorium 230 S-Th-47

<20dpm/source

07-25-89

<20dpm/source

<20dpm/source

Michael A. Ortiz

89TH4704168

0
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- Ameritium 241 S-Am-47

<20dpm/source

07-25-89

<20dpm/source

<20dpm/source

Michael A. Ortiz //aJ4

88AM4701865
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lj iINC.
Radiation standards and check sources REF.PO# R5417331
2889 Industrial RD. Santa Fe, NM 87501
(505)473-9538

Certificate offCafibration
(Alpha Sources)

The Americium 241 alpha source was measured in a
hemispherical 2pi windowless proportional counter using P-10
as counting gas. The alpha emissions from the surface of the
source were measured at its plateau voltage to determine its
2pi cpm rate. Corrections were applied for background,
coincidence loss and backscatter factors when applicable. The
source is referenced to NIST(formerly -NBS) 4904N-G-64

Active Diameter(or -area). 441nm Mounting Material ss
Total Diameter(or area) 4

38,400 cpm +/- 1,920 cpm 2pi

75,600 dpm +/- 3,780 dpm 4pi

0.0340 microcurie

07 -25 - 89 __date of measurement

Michael A. Ortiz calibrated by lI 1A

Charles L. Gonzales approved by 6_I" ,,0.4

88AL,4701865 source number

The uncertainty of the measurement at the 99% confidence
interval is 5.0 percent.
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1110jj INC.
Radiation standards and check sources REF.PO# R5417331

2889 Industrial RD. Santa Fe, NM 87501
(505)473-9538

(Alpha Sources)

The Thorium 230 alpha source was measured in a
hemispherical 2pi windowless proportional counter using P-10
as counting gas. The alpha emissions from the surface of the
source were measured at its plateau voltage to determine its
2pi cpm rate. Corrections were applied for background,
coincidence loss and backscatter factors when applicable. The
source is referenced to NIST(formerly NBS) 4904N-G-64

Active Diameter(or area)_ 44_ m Mounting Material ss

Total Diameter(or area) 4 7r

12,700 cpm +1- 640 cpm 2pi

25,000 dpm +/- 1,250 dpm 4pi

0.0128 microcurie

07 25 - 89 ___date of measurement

Michael A. Ortiz calibrated byC ,/

Charles L. Gonzales approved by .L/,-,,:

89TrH704168 source number

The uncertainty of the measurement at the 99% confidence
interval is 5.0 percent.
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"APENDIX Q

SUMMARY REPORT ON PLUTONIUM INVENTRY, BOMARC MISSILE SITE



During the initial incident, Explosive Ordnance Disposal personnel filled seven metal containers
with residues from the nuclear warhead. This followed established procedures for recovering
materials and components and for ensuring the proper protection of vital information. According
to a report prepared by the Los Alamos National Laboratory, the containers were stored at the
Medina facility in San Antonio, Texas until 1965 and then transferred to the Pantex facility at
Amarillo, Texas. The containers were apparently transferred to the Nevada Test Site in the
early 1980s.

Scientists from the Los Alamos National Laboratory studied the containers during 1979 to 1982
using a variety of nuclear measurements techniques to assess the amounts of radioactive
materials present in each. The results of these analyses show that most of the weapons grade
plutonium (WGP) was recovered. The amount of unrecovered WGP remaining on the site was
estimated at about 60 grams. This residual quantity is subject to analytical uncertainties from
the measurement process and other factors. The most probable error for the estimated residual
amount is much larger than the quantity itself. Considering all of these factors leads to a
conservative estimate for an upper limit to the residual amount of 300 grams. This analysis
supports conclusion about the fate of the WGP from the accident. First, the major portion of
the WGP was recovered and returned to the Atomic Energy Commission, now the Department
of Energy (DoE). The remainder of the WGP was distributed on the site from the initial
incident and response actions take at the time. The residual WGP essentially remains in the
environment of Building 204 and the remainder of the site.

Reference: LA9696-MS, Measurement of Nuclear Weapons Accident Residues Stored in
Containers, Phase I, J.T. Caldwell, J.M. Bieri, and H.H. Hsu, Los Alamos National
Laboratory, May 1983.

Q-1



APPENDIX R

RESULTS OF BOMARC MONITORING WELL SAAHML
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SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200131
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920013 BOMARC SITE WELL PU-3
OEHL ID: 19200131
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 06-FEB-92

3LANK-UNFILTERED

GROSS ALPHA 1.1 +/- 0.5 PICOCURIES PER LITER
GROSS BETA < 0.09 PICOCURIES PER LITER

4

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200132
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920002 BOMARC SITE WELL PU-3
OEHL ID: 19200132
Type of Sample: WATER, NONPOTABLE, NOT SDA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 06-FEB-92

BLANK-FILTERED

GROSS ALPHA < 0.6 PICOCURIES PER LITER
GROSS BETA 3.1 +/- 1.8 PICOCURIES PER LITER

RESULTS ACCURATE To 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTJRATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200133
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTI FICATION:
Base Sample #: ON920003 BOMARC SITE WELL PU-3
OEHL ID: 19200133
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 11-FEB-92

GROSS ALPHA 0.07 +/- 0.05 PICOCURIES PER LITER
GROSS BETA < 0.56 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. MCKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200134
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920004 BOMARC SITE WELL PU-3
OEHL ID: 19200134
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-97
Date Received: 24-JAN-92
Date Completed: 06-FEB-92

WELL PU-3 FILTERED

GROSS ALPHA 1.3 +/- 0.6 PICOCURIES PER LITER
GROSS BETA < 3.3 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200135
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920005 BOMARC SITE PU-3
OEHL ID: 19200135
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 27-FEB-92

RA 226 MDA 0.11 PCI/L
ALPHA UNFLAMED 13.2 +/- 2.9 -PCI/L
ALPHA FLAMED 10.3 +/- 2.5 PCI/L
PU-3 UNFILTERED

GROSS ALPHA 13.2 +/- 2.9 PICOCURIES PER LITER
GROSS BETA 2.2 +/- 1.7 PICOCURIES PER LITER
PLUTONIUM 239 1. +/- 0.3 PICOCURIES PER LITER
RADIUM 226 0.43 1+/- 0.45 PICOCURIES PER LITER
THORIUM 228 < 3.2 PICOCURIES PER LITER
THORIUM 232 1.8 +/- 1.1 PICOCURIES PER LITER
URANIUM 234 33.1 +/- 15.1 PICOCURIES PER LITER
URANIUM 235 22.5 +/- 10.9 PICOCURIES PER LITER
URAHIUM 238 26.2 +/- 11.9 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200136
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: ON920006 BOMARC SITE PU-3
OEHL ID: 19200136
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 11-FEB-92

FILTERS FOR PU-3 FILTERED SAMPLE

GROSS ALPHA 2 . 58 +1- 0.5 PICOCURIES PER LITER
GROSS BETA 2.7 +/- 0.5 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIQANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200137
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920007 BOMARC SITE PU-3
OEHL ID: 19200137
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 27-FEB-92

ALPHA UNFLAMED 22.2 +/- 4.1 PCI/L
ALPHA FLAMED 18.9 +/- 3.7 PCI/L
PU-3 UNFILTERED DUPLICATE

GROSS ALPHA 22.2 +/- 4.1 PICOCURIES PER LITER
GROSS BETA 2.7 +/- 1.8 PICOCURIES PER LITER
PLUTONIUM 239 2.4 +/- 0.7 PICOCURIES PER LITER
RADIUM 226 0.96 +/- 0.69 PICOCURIES PER LITER
THORIUM 228 < 2.1 ' PICOCURIES PER LITER
THORIUM 232 1.65 +/- 1.05 PICOCURIES PER LITER
URANIUM 234 18.5 +1- 7.8 PICOCURIES PER LITER
URANIUM 235 4.5 +/- 3.1 PICOCURIES PER LITER
URANIUM 238 11.9 +/- 5.9 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200138
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920008 BOMARC SITE PU-3
OEHL ID: 19200138
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 06-FEB-92

WELL PU-3 FILTERED DUPLICATE

GROSS ALPHA 2.9 +/- 0.8 PICOCURIES PER LITER
GROSS BETA 1.8 +/- 1.7 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992

ARMSTRONG LABORATORY
OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE

RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200139
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920009 BOMARC SITE PU-6
OEHL ID: 19200139

Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX

Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 26-FEB-92

RA 226 MDA 0.13 PCI/L

GROSS ALPHA 57.5 +/- 8.3 PICOCURIES PER LITER
GROSS BETA 8.3 +/- 2.1 PICOCURIES PER LITER
PLUTONIUM 239 < 0.9 PICOCURIES PER LITER
RADIUM 226 0.31 +/- 0.48 PICOCURIES PER LITER
THORIUM 228 < 3.7 PICOCURIES PER LITER
THORIUM 232 3. +/- 1.5 PICOCURIES PER LITER
URANIUM 234 44.2 4+/- 36.8 PICOCURIES PER LITER
URANIUM 235 22.3 +/- 32.6 PICOCURIES PER LITER
URANIUM 238 22.2 +/- 22. PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200140
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: GN920010 BOMARC SITE PU-6
OEHL ID: 19200140
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 26-FEB-92

RA 226 MDA 0.12 PCI/L

GROSS ALPHA 2.5 + 1- 1.1 PICOCURIES PER LITER
GROSS BETA 2.6 +/- 1.7 PICOCURIES PER LITER
PLUTONIUM 239 < 0.66 PICOCURIES PER LITER
RADIUM 226 0.13 +/- 0.25 PICOCURIES PER LITER
THORIUM 228 < 1.15 PICOCURIES PER LITER
THORIUM 232 < 4.4 PICOCURIES PER LITER
URANIUM 234 0.92 '+/- 0.45 PICOCURIES PER LITER
URANIUM 235 < 0.17 PICOCURIES PER LITER
URANIUM 238 < 0.16 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIQANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200141
AL/oEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: ON920011 BOMARC SITE PU-3
OEHL ID: 19200141
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 11-FEB-92

FILTERS FOR PU-6 FILTERED SAMPLE

GROSS ALPHA 3.1 +/- 0.5 PICOCURIES PER LITER
GROSS BETA 2.3 +/- 0.4 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061



SAMPLE ANALYSIS RESULTS REPORTED ON 22-APR-1992
ARMSTRONG LABORATORY

OCCUPATIONAL AND ENVIRONMENTAL HEALTH DIRECTORATE
RADIOANALYTICAL FUNCTION (OEBSA)

BROOKS AIR FORCE BASE, TEXAS 78235-5000

OE ID

19200142
AL/OEBSC
CONSULTANT SERVICES
BROOKS AFB, TX 78235-5501

BASE ADDRESS CODE: Q00253C

IDENTIFICATION:
Base Sample #: ON920012 BOMARC SITE PU-3
OEHL ID: 19200142
Type of Sample: WATER, NONPOTABLE, NOT SDWA
Workplace or Site ID: 0253 BROOKS AFB, TX
Date Collected: 22-JAN-92
Date Received: 24-JAN-92
Date Completed: 11-FEB-92

FILTERS FOR PU-3 DUPLICATE FILTERED SAMPLE

GROSS ALPHA 3.2 +/- 0.5 PICOCURIES PER LITER
GROSS BETA 2.4 +/- 0.4 PICOCURIES PER LITER

RESULTS ACCURATE TO 2 SIGNIFICANT FIGURES.
ERROR TERM AT 95% CONFIDENCE LEVEL.

MICHAEL D. McKINNON, Maj, USAF, BSC
Health Physicist
AUTOVON 240-2061
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